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SECONDARY EDUCATION IN BRITAIN 


‘T is now twelve years since the last major Education 

Act became operable in Britain, and the time is 
ripe for a stock-taking of the provision of secondary 
education and, in particular, the supply of potential 
scientists and technicians coming from the secondary 
schools. 

From the time of the 1944 Act, much research has 
been carried out in various places on the best methods 
of selecting children at the age of eleven. Inevitably, 
investigations have been made to examine the validity 
of the various tests which have been given in the 
eleven plus examination and the prognostic value of 
the whole examination. Moreover, the effects of 
‘coaching’ in raising apparent standards of attain- 
ment and intelligence quotients have been subjected 
to experimental investigation and statistical analysis. 
It is doubtful whether the examination at its best is 
susceptible to much improvement. Because parity of 
esteem, at any rate in the eyes of most parents, has 
not been achieved between the various forms of 
post-primary education, grammar school places for 
children, particularly in the initial stages of the 
school course, are anxiously sought by most parents ; 
and in many quarters a sense of failure, almost 
amounting to a social stigma, attaches to those who 
have failed to go to grammar schools. Some parents 
send children who have failed to secure grammar 
school places to private schools, where the standards 
of teaching mathematics and science are often low. 
All local education authorities have a system whereby 
the progress of children in each type of secondary 
school is reviewed at the end of the first or, more 
often, the second year, and late transfer can be made. 
This is perhaps not so easy as it seems. Authorities 
are often unwilling to damage the amour propre of 
child and parents by taking children away from 
grammar schools, a process which is regarded as 
down-grading ; and the upgraded children often find 
difficulty with such subjects as French and algebra 
if they come to grammar school education at the age 
of thirteen. 

The most disturbing feature of grammar school 
education in Britain is the large number of premature 
leavers—an average of 25 per cent throughout the 
country who depart at the statutory age of fifteen 
without having completed the first part of the course 
and taken the General Certificate of Education. This 
represents an enormous waste of potential technicians 
and scientific workers, among others, which is un- 
fortunate both for the people concerned and for the 
future of the country. Some critics have sought for the 
causes of premature withdrawal in defects in the trans- 
fer examination. The intention of the Education Act 
was to achieve parity of esteem betweer the secondary 
grammar, technical and modern schools, and to select 
a school for each child according to age, aptitude and 
ability. The division was to be a ‘horizontal’ one: at 
present, the majority of children are separated ver- 


tically, and often the dichotomy is between grammar 
school children and others. 

It is appropriate that an examination should be 
made of the factors which make for success in a 
grammar school career, if this can be judged by 
results in the General Certificate of Education 
examinations and in the continuity of the work at 
both ordinary and advanced levels. It is not un- 
expected that a successful grammar school career is 
related not only to initial high intelligence quotient 
and attainment in English and arithmetic but even 
more so to social and economic conditions. In other 
words, the home-life of the child is of supreme 
importance. A recent investigation by Dr. Jean 
Floud deals with this aspect*. 

It is of incalculable advantage to the grammar 
school child to live in a home where the conversation 
is intelligent, where quiet, comfortable conditions can 
be provided for homework, where there is a collection 
of suitable books, where television is rationed and, 
above all, where the parents have a real belief in the 
value of education, have adequate means and are 
prepared to make sacrifices for their children. No 
doubt increased grants will partly meet the difficulties 
of early withdrawal, but they will do little to pro- 
duce a suitable home background—only an improve- 
ment in the education and social qualities of parents 
will do that, and this.is not quickly or easily obtained. 

The past few years have seen pressure brought 
from a number of quarters against the selection of 
primary school pupils at the age of eleven—the 
‘eleven-plus examination’. A few local education 
authorities in Britain have made experiments towards 
modifying it. The comprehensive schools or, less 
comprehensive, the bilateral (grammar-technical) 
schools, of which some are already in being, have 
been suggested as means of obviating the need for 
the eleven-plus examination and permitting a better 
selection of child according to ability more or less 
continuously during school life. 

It is too early to judge the educational and social 
values of the comprehensive school. To several 
writers it is the answer to the eleven-plus difficultiesf ; 
but it is sometimes forgotten that much grading and 
assessment have to take place within the school. A 
number of local authorities are experimenting with 
the view of eliminating or modifying the eleven-plus 
examination. A scheme introduced in the Midlands, 
which has had wide publicity, projects a new type 
of school, from which the better children will be 
‘creamed off’ to supply the grammar school. But the 
morale of schools is largely determined by the quality, 
intellectually and socially, of the upper forms. It 
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remains to be seen whether such new high schools 
will become educational ‘sloughs of despond’. 

It would appear that the division between children 
in the future will reveal those who, because of intel- 
ligence, application, ambition and home-background, 
benefit from public education and those who do not. 
For the future there should be a wider provision of 
scientific and technical education with more highly 
qualified and able teachers, a realization that effort 
is required on the part of learners and a sympathetic 
understanding on the part of parents. These things, 
vital to the life of the community, will not come 
easily. 


SIR RICHARD GREGORY 


Sir Richard Gregory 

His Life and Work. By Prof. W. H. G. Armytage. 
Pp. viii+241. (London: Macmillan and Co., Ltd. ; 
New York: St. Martin’s Press, Inc., 1957.) 21s. net. 


HIS book by Prof. W. H. G. Armytage is 

important not simply because it is an excellent 
biography of an editor of this journal. It certainly 
is that, because the author has succeeded admirably 
in bringing a most lovable character back to full life. 
Nor is it because Sir Richard Gregory rose from 
humble beginnings to a high level of social eminence. 
Every editor of Nature has been distinguished in his 
own right and has merited a biography. The sig- 
nificance of this book lies in the fact that he acted 
in this capacity during one of the most vital and 
creative periods of the history of science in Britain, 
that he was fully conscious of the meaning of the 
events that were happening around him, that, as 
later history has amply proved, he read its lessons 
correctly, and that he used his position with judg- 
ment and effect to arouse the consciousness of 
scientists and non-scientists alike to the importance 
of what was happening. 

Richard Gregory was born in 1864, five years after 
the publication of “On the Origin of Species’’ by 
Charles Darwin; and he died in 1952, seven years 
after the first atom bomb explosions at Hiroshima 
and Nagasaki had demonstrated to a horrified world 
the tremendous powers for destruction that modern 
science had placed in the hands of governments. 
During these eighty-eight years of packed life, the 
whole fabric of science had been almost completely 
re-woven; the industrial life of Britain had been 
drastically transformed as a result of scientific dis- 
covery and engineering application. He had seen 
Britaim rise to become a great Colonial and Imperial 
power, and had watched the Uniited States, one of 
Britain’s former Colonies, grow like a giant, again 
powered by modern science, and press its way to the 
forefront, as Great Britain fell back to second rank 
in world politics. He had lived through the Franco— 
Prussian War, the occupation of Egypt by Britain, 
the British invasion of Tibet, the British wars in 
China, in East and West and in South Africa, and 
then two World Wars. It was in the period between 
these two Wars that Gregory, in his quiet, firm 
and unobtrusive way, exercised his greatest in- 
fluence. 

To understand Gregory and what motivated him 
one must dig back into his early life, and this the 
author of this biography, with deep penetration, has 
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done admirably. Gregory’s forebears were of very 
humble circumstances. His grandfather was a lay 
preacher, his father a poverty-stricken boot repairer, 
a@ poor man’s fighter, a writer of verse, a devoteo of 
Ernest Jones, who was a friend of Karl Marx. His 
father—and of course the family—suffered for his 
views, and the efforts he made to organize working 
men for a higher standard of life. At twelve years 
of age, Gregory had already left school and wag 
delivering newspapers at 4s. 6d. per week. He moved 
up in the scale, became a washer-up at a public house, 
then a machine-boy drawing 5s. per week for a 1()- 
12 hr. day. In his ‘spare time’ he attended evening 
classes at a Trade School, where he became a voracious 
reader and learnt arithmetic, writing, Latin and 
French. It could have been no easy battle that 
eventually won him a scholarship of £1 per week to 
the Royal College of Science in London. With this 
he was already earning much more than his father, 
who struggled along, fighting a battle of justice for 
others. ‘Lhis early history left its imprint on him; 
and in later years, as he watched the Trade Union 
and Labour movement grow and develop, he saw it 
as the organized manifestation of what individuals 
had attempted to achieve in his early youth. To him 
it had primarily an ethical justification, part of the 
broad struggle for justice. This, then, was the first 
factor that conditioned his outlook. 

With his £1 per week at the Royal College of 
Science, his natural genius found a new atmosphere 
in which to flourish. If, coming from Bristol, he left 
behind him boys like Ben Tillett, Jim O’Grady and 
Ernest Bevin, he discovered a new companionship in 
such fellow-students as H. G. Wells. These two 
became life-long and devoted friends, collaborating 
and co-operating, each in his own way, towards a 
common end. In a College so deeply influenced by 
its dean, Thomas Henry Huxley, these two young- 
sters blossomed out, seeing as their mission science 
in the service of man. This in a sense became 
Gregory’s god, and for this he pressed and fought 
consistently. Hence his continual support for the 
National Union of Scientific Workers (later to become 
the Association of Scientific Workers), for the setting 
up of a Parliamentary and Science Committee, his 
work for the British Science Guild, for the initiation 
of a division of the British Association devoted to 
the study of the social relations of science, for the 
inauguration of a Ministry of Science, and so on. As 
he saw it, British industry could have no future 
unless it equipped itself to take a progressive role in 
the new age of science, and by the same showing so 
also had the Labour and Trade Union movement. To 
realize how fully these ideas had rooted themselves 
in his mind, one requires only to run over the 
editorial leaders of Nature in the late 1920’s and 
°30’s. He fought tenaciously and persistently for a 
recognition of the need in the educational world for 
@ change-over from the classical to the modern 
scientific tradition, with all that this would imply in 
the building up of a new type of Civil Service. 

If Sir Richard Gregory was a product of his age, in 
no small measure his age was a product of Gregory. 
Some of us may not agree that he had got down to 
the root of the troubles he sought to remove from 
society ; but nevertheless those of us who knew him 
personally will be able to say with feeling that Prof. 
Armytage in this biography has brought to life again 
the characteristic kindness and genuineness of a man 
whom Nature will be able to call one of its great 
editors. H. Levy 
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THE FOURTH PRIMARY 
TECHNOLOGY 


Chemical Engineering Practice 

Edited by Herbert W. Cremer and Trefor Davies. 
Vol. 1: General. Pp. xiv+494+xiv. Vol. 2: 
Solid State. Pp. vi+632+ xxiii. (London: Butter- 
worths Scientific Publications ; New York : Academic 
Press, Inc., 1956.) 95s. per volume. 


HE Institution of Chemical Engineers was 

founded in 1922 and the first university courses 
that would be regarded to-day as chemical engineering 
were started in London in the same year. If we note 
for comparison that the corresponding American 
Institute was founded in 1908 it is at once clear that 
Britain has had a lot of leeway to make up in 
recent years in this subject. The real awakening to 
the importance of this. subject as suitable for a 
university curriculum occurred in 1937 when an under- 
graduate course was started in London. Very con- 
siderable progress has been made from these early 
days, and there are now several universities offering 
undergraduate courses in chemical engineering. In 
step with the acceptance of the subject in univer- 
sities the chemical and process industries have found 
an increasing need for men trained in this way. 

lt is against this background that we must look at 
this ambitious project undertaken by Mr. H. W.Cremer, 
with Mr. T. Davies acting as managing editor. We 
shall look forward in this work to being given a clear 
indication of those fields of professional knowledge 
which make the chemical engineer of value. We 
shall look for a clear indication of just why this kind 
of training should be encouraged and why it should 
be regarded as the fourth primary technology. During 
the past thirty years chemical engineering, in common 
with other technologies, has advanced considerably 
and many of the practical techniques are made 
available before an adequate theory is provided to 
explain them in detail. It is to be hoped that in this 
new work we shall be given instances of this and 
brought face to face with the profession actually at 
work. Moreover, we have now reached a stage in 
which it is important that the present state of know- 
ledge, both in theory and particularly in practice, 
should be set down as a guide to those entering and 
practising the profession. 

In this field of knowledge valuable series of texts 
have been published, mainly in the United States, but 
they have on the whole tended to be academic and 
theoretical in outlook. While these works have pro- 
vided an excellent groundwork for academic courses 
they have not proved so helpful in showing the 
methods that industry actually uses in solving its 
problems, the practical solution of which frequently in- 
volves considerations which over-ride purely theoretical 
argument. Thus the first text by Walker and Lewis 
in 1923 set a pattern for chemical engineering which 
has only recently been modified to any extent. We 
have special texts on heat transfer, distillation, and 
chemical engineering thermodynamics, but we have 
relatively little that will guide the practising engineer 
over the hurdles which he encounters from day to 
day: What kind of excess capacity should be pro- 
vided in a unit to be designed ? What is the most 
satisfactory material of construction ? What are the 
best pumps for handling boiling liquids ? Which 
type of still will give the lowest drop in pressure per 
plate? What are the really reliable methods for 
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scaling up in size? The important problems of 
process development and operation have been rather 
overlooked, and the problems of availability, cost, 
urgency and even of substitution have been scarcely 
discussed. 

This work is at present planned in twelve volumes, 
of which the first two are now published. The titles 
are (1) General, (2) Operations and Processes involv- 
ing the Solid State, Part I, (3) Part II, (4) Processes 
involving Fluid Systems, Part I, (5) Part II, (6) 
Part III, (7) Heat Transfer, (8) Bio-chemical and 
Electro-chemical Processes, (9) Design and Construc- 
tion of Chemical Plant, (10) Ancillary Services and 
Plant, (11) Evolution of an Industrial Chemical 
Project, (12) Works Design, Layout, Costing and 
Construction. These serve to indicate the range of 
activities of the profession and are broadly indicative 
of the technical processes that must be mastered. It 
will be seen that none of the volumes carries the 
title ‘unit operations’, yet this was the term that in 
the earlier years was most characteristic of chemical 
engineering. 

Volume 1 opens with a chapter on the origins of chem- 
ical engineering by Prof. D. M. Newitt followed by a 
chapter on the chemical engineer by Prof. W. E. Garner. 
These are both valuable chapters in that they bring 
out the reasons for the slow development of the sub- 
ject and the growth of the subject corresponding with 
the growth of continuous processes. In discussing 
the origins of the heavy chemical industry, Prof. 
Newitt is able to indicate steps which we to-day call 
chemical engineering but which at that time were 
simply looked upon as engineering developments. He 
also takes the opportunity of emphasizing the enor- 
mous importance of the growth in phyrical sciences 
and their impact on chemical engineerixg. Thus the 
work of Rumford, Carnot and Willard Giivbs is pointed 
out as of vital importance to chemical engineering. 
Prof. Garner describes the activities of the chemical 
engineer in process development, process costing, 
process improvement, process control and plant 
layout and installation. This section will be of great 
value to all contemplating joining the profession. 

In the third chapter Mr. Brearley discusses the 
economics of production and provides a valuable 
introduction to this subject. The next two sections 
on the investigation and development of the industrial 
process bring out the considerable difference in the 
attitude of the chemical engineer to a process, com- 
pared with that of a chemist. We are led step by 
step from the preparation of material and energy 
balances to the idea of a complete plant. This volume 
is, however, most noteworthy for the long section on 
pilot plants and semi-commercial units written by 
members of the staff of the Shell Petroleum Co. and 
their Dutch associates. This provides for the first 
time a really concise account of the way in which 
pilot plants are developed. The discussion is of real 
practical value and provides the kind of information 
for which these texts are undoubtedly required. The 
great merit of these chapters is that the authors are 
describing things that have been done and not 
simply things which are thought about. These are 
followed by a useful chapter by Mr. Hopton on the 
preparation of flow diagrams for full-scale produc- 
tion. 

Volume 2 opens with a series of chapters on the 
fundamentals of the solid state, mechanical properties, 
alloy equilibrium diagrams, types of steels, and pro- 
perties of plastics. To complete this section there are 
two chapters on fatigue and creep in metals. 
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Some of this material, particularly that in the first 
chapter, will be unfamiliar to most chemical engineers. 
There is a clear difficulty, in presenting these volumes, 
in determining how much material which is not chemi- 
cal engineering, but which is allied to it and used by 
chemical engineers, should be included. It is difficult, 
however, to feel that a discussion on wave mechanics, 
on the Heisenberg uncertainty principle and on the 
nature of chemical bonds fits clearly in a text on 
chemical engineering practice. The second chapter, 
though still containing a basis of solid-state physics, 
has some useful information of a practical nature. 
The section on alloy equilibrium diagrams gives the 
metallurgist’s outlook on this. question, and that on 
alloy steels is written very much on the same lines. 
One would like to have found many examples from 
practice of the successful and unsuccessful uses of 
these alloys, but perhaps this will be given in a later 
volume. The section on corrosion gives useful 
coverage of this vital subject, but again from rather 
too theoretical an angle. 

There are a number of chapters on porous masses 
and powder metallurgy. The long discussion on 
methods of determining the drop in pressure for a 
fluid passing through a bed of materials would have 
been much improved with some practical examples 
of these methods. The section on powder metallurgy 
and transpiration cooling is very specialized and the 
coverage seems rather extensive for a text of this 
kind. 

There can be no doubt that these volumes will form 
@ valuable reference for chemical engineers, but it 
must be hoped that they will concentrate very much 
on what is purely chemical engineering and not 
cover too widely those many allied sciences which 
will more properly be consulted in specialist texts. 
In this series we shall, above all, hope to see the 
application of the sciences to chemical engineering. 
Finally, Mr. Cremer’s preface should be read by all 


those intending to take up this profession. 
J. M. CouLson 


ENTOMOLOGY IN REVIEW 


Annual Review of Entomology 

Edited by Edward A. Stemhaus, in association with 
Ray F. Smith. Vol. 1. Pp. ix+466. (Stanford, 
Calif.: Annual Reviews, Inc., in co-operation with 
the Entomological Society of America, 1956.) 7 
dollars. Vol. 2. Pp. viii+407. (Palo Alto, Calif. : 
Annual Reviews, Inc., 1957. Published with the 
co-operation of the Entomological Society of America.) 


7 dollars. 


T is a curious reflexion on the economics of scientific 
book publishing that we should have had to wait 
until 1956 for the ap ce of an annual review 
covering the largest single field of zoology. There is 
no question that such a publication is badly needed 
not only because of the enormous volume of entomo- 
logical literature published yearly but more especially 
because of the increasing fragmentation and special- 
ization in both pure and applied research in this 
field. It is thus interesting but unfortunate that in 
both the volumes under review this specialization 
becomes very evident in the great preponderance of 
papers dealing with insect control by chemicals, 
whereas papers relating to the fundamental biology 
underlying insect infestation problems are very few. 
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This Review is produced in the United States and 
edited by a board including some very eminent 
applied entomologists, and since in America the 
concept of insect control by chemicals is the accepted 
canon of entomological research we cannot be sur. 
prised at this emphasis. But when to this general 
policy is allied extreme insularity of approach (there 
are several papers with 70-80 references all but 
5-10 of which are American) these volumes tend to 
lose much of value. This is particularly true as 
regards European entomology, where in recent years 
there has been a reaction against the widespread and 
indiscriminate use of chemicals in insect contro! in 
favour of research on the principles underlying 
insect infestations. The heavy weighting of both 
volumes with work related to insecticides and their 
application has led to the inclusion of papers covering 
substantially the same ground. In Vol. 1, for 
example, C. W. Kearns contributes a useful paper on 
“The Mode of Action of Insecticides” ; in Vol. 2 the 
paper by P. A. Dahm on “The Mode of Action of 
Insecticides exclusive of Organic Phosphorus Com- 
pounds” is thus based mainly on the literature 
published between June 1955 and June 1956 and is 
hence deprived of that broad comparative basis so 
essential to a balanced review. 

The problems of insect taxonomy and systematics, 
sensory physiology and the central nervous system, 
the behaviour of insects, their endocrine systems, 
their ecology—all these are fields of active research 
searcely mentioned in the present volumes. Yet 
their significance in insect infestation and control 
is clearly very great. For example, there can be no 
doubt that one of the greatest difficulties in accurate 
assessment of crop damage by insects is the fact that 
in many important economic groups (for example, 
stalk borers) larval identification is at present 
difficult or impossible. Thus a paper like “The 
Taxonomic Significance of the Characters of Im- 
mature Insects” by F. I. van Emden (Vol. 2) has 
equal value in the fields of taxonomy and control. 

Another interaction of the fields of pure and 
applied research has been the recent proposals on the 
use of insect growth hormones as insecticides, and a 
paper on insect hormones would have the interest of 
both sides and could contribute something to that 
integration which is so much to be desired. One 
paper which illustrates very well the possibilities of 
such integration is that in Vol. 1 by V. G. Dethier 
on “Repellents”. Dr. Dethier points out that early 
work on this subject was purely arbitrary and 
empirical, and goes on: “few attempts were made to 
investigate the mechanism of repellency [and] 
almost nothing was known of the behavioural and 
physiological aspects of the problem”. He then 
shows how investigation of these aspects has altered 
the whole concept of the practical approach to the 
problem. The editors may rightly insist that they 
cannot get a quart into a pint pot and have been 
forced to pass over many important subjects. They 
could, however, easily alter the ratio of papers on 
the pure and applied sides, to the great benefit of 
the review as a whole. 

It is only worth while making such criticisms of a 
work which is of great actual and potential value, 
and there is no doubt that this is the case with the 
‘Annual Review of Entomology”. The editorial 
board states that its objective is ‘‘to publish 
authoritative and concise treatments of definitive 
subjects of current interest’’, and in this, subject to 
the above criticisms, it has largely succeeded. 
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Particularly praiseworthy is its policy of allowing 
a subject of general interest to be presented from 
opposing points of view in subsequent volumes. In 
Vol. 1, W. R. Thompson presents his theories on the 
control of insect populations in a paper, ‘“The Funda- 
mental Theory of Natural and Biological Control’, 
in which he attacks the theories of A. J. Nicholson. 
In Vol. 2, M. E. Solomon in his paper, ‘““Dynamics of 
Insect Populations”, examines the evidence relating 
to the theories of Thompson and Nicholson, while in 
Vol. 3, Nicholson is to contribute a paper, presumably 
defending his views. This dynamic, continuous con- 
troversy can be stimulating and constructive and is 
one of the most valuable features of a review of this 
type. But it rests entirely with the editors as to 
what standard is set and how it is maintained, and 
this policy, if not carefully regulated, leads to the 
situation—commented on earlier in relation to papers 
on insecticides—where one paper virtually nullifies 
another. 

In general, the papers are of a high standard, with 
little lapsing into the ‘card-index’ type of review. 
The contributors have been well served by both 
editors and publishers, the proof-reading being of a 
high standard and the whole clearly printed. One 
minor irritation is that alphabetical bibliographies 
are not used by all contributors and it is difficult to 
see why the editors do not insist on this throughout. 
All entomologists will welcome this powerful new 
weapon in their constant battle with the over- 
whelming literature of the subject, and if the “‘Annual 
Review of Entomology” widens its approach it 


should be assured of a large and appreciative public. 
P. T. HasKELL 
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PLANKTON OF LAKES AND SEAS 


The Marine and Freshwater Plankton 
By Prof. Charles C. Davis. Pp. xii+562 (681 figures). 
(Ann Arbor, Michigan: Michigan State University 
Press; London: Constable and Co., Ltd., 1955.) 
80s. net. 

HERE is no comprehensive text-book on plank- 

ton in the English language and one is much 
needed, so the present volume, although not entirely 
satisfactory, is to be welcomed. One must admire 
Prof. C. C. Davis’s courage in attempting to treat 
fresh- and salt-water plankton together, but the 
subject is too large to be successfully compressed 
into one short volume. The book is based on a 
course of lectures given to graduate students at the 
University of Miami and for such readers it ought to 
prove a useful introduction. 

After a preliminary chapter, which deals mainly 
with the evolution and ecology of lakes, there is 
a discussion of the adaptations which planktonic 
existence requires. This is followed by a very short 
account of the cycle of production in aquatic environ- 
ments which merely outlines the subject and does not 
relate it to any work in the field. Phytoplankton has 
a chapter to itself in which there are discussed 
problems of distribution both geographical and 
seasonal and the cause of phytoplankton ‘blooms’. 
A short discussion follows on the relations between 
phyto- and zoo-plankton. 

Distribution is dealt with again in the next chapter, 
with the emphasis on zooplankton, and this includes 
geographical and-seasonal distribution, the effect of 
currents on dispersal, and vertical migration. There 
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is then a short description of the variations in form 
which are found in different habitats and seasons, 
and this first, general, section of the book ends with 
@ discussion of the food of the plankton and of the 
animals which prey upon it. 

It is impossible to cram a full account of plankton 
and its problems into 140 pages and the treatment 
is therefore bound to be selective. Prof. Davis has 
depended most upon the older authors and much 
interesting recent work has been omitted. Thus, in 
the chapter on geographical and seasonal variations in 
structure there is no mention of marine zooplankton 
and no reference to the important work on the races 
of copepods in Italian lakes. In the section on 
diurnal vertical migration one would have welcomed 
an account of the recent work in both fresh and salt 
water. 

The next section is purely systematic, and after a 
short description of each group of plankton organisms 
there is a simple key to the commoner genera so that 
the student may identify the specimens he has found. 
The keys are helpful and easy to use, although algo- 
logists may not approve of the wholesale bundling of 
all flagellated green cells into the Mastigophora. 
This section is illustrated by a long series of figures 
which, with their legends, take up more than a third 
of the whole book but are the least satisfactory part 
of it. Many of the figures are clear and useful line 
drawings, but in many, faulty reproduction has 
blotted out all detail. Here and in the systematic 
section the student is given no guidance on the 
habitat of the organism. Fresh and salt, rare and 
common, tropical and temperate are all mixed up 
together. For anyone accustomed to a temperate 
water plankton the choice of ‘common’ genera will 
be strange; for example, one hundred figures of 
radiolarians to only thirty-four of diatoms and 
nineteen of dinoflagellates. Many figures are without 
a scale, and the drawings give no idea of relative size. 
The volume also contains a glossary of technical 
terms and a selected bibliography. 

S. M. Marswan 


MEDIEVAL SCIENCE 


Le Systéme du Monde 
Histoire des Doctrines Cosmologiques de Platon & 
Copernic. Par Prof. Pierre Duhem. Tome 7. 
Pp. ii+664. (Paris: Hermann, 1956.) 3,200 francs. 
T the death of Pierre Duhem in 1916 five volumes 
of his magnum opus, “‘Le Systéme du Monde”’, 
had been published or were in the press (Paris, 1913— 
17). Of the seven others, which the complete work 
was to comprise, four were wholly finished, but the 
difficult post-war circumstances prevented them from 
being published. It was not until 1954, simultane- 
ously with a second edition of the first five volumes, 
that Vol. 6 could appear. Now the year 1956 has 
brought us Vol. 7, and all Duhem’s admirers ardently 
hope that from now on publication will proceed at 
this pace, so that before long they may be in full 
possession of the stupendous mass of results on 
medieval science accumulated by him. 

Chapters 1 and 2 of the present volume deal with 
considerations of various thirteenth- and fourteenth- 
century scholars on the infinitely small and the 
infinitely great; Chapter 3, with theories of place 
before and after the condemnations pronounced by 
Etienne Tempier in 1277. In Chapter 4, problems of 
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movement and theories of time are treated. The 
rest of the volume is taken up by important medieval 
discussions on the latitudes of forms : before Oresme, 
in his works and those of his followers, and at the 
University of Oxford. 

Of course, the new volume again displays all the 
brilliant qualities of style and composition character- 
istic of Duhem’s writings. One cannot help, however, 
deploring earnestly that such a long time should 
have passed since his first publications on the 
subject in Vol. 3 of the “Etudes sur Léonard de 
Vinci” (1913). In the course of more than forty 
intervening years much important new material on 
medieval science has been discovered, and many 
articles and books on it have appeared. In almost 
all of these some of Duhem’s views have been subjected 
to severe criticisms or at least have been shown to be 
in need of modification. The reader of the present 
posthumous volume has to realize that results obtained 
after the death of the author could not possibly have 
been taken into account, but this consideration will 
not prevent him from wondering at pages which could 
not have been written in our days by a competent 
author. Indeed, they belong already to the history 
of the history of science. It is to be feared that in the 
eye of an inattentive reader they will derogate from 
Duhem’s everlasting and incontestable merits. 

E. J. DisKSTERHUIS 


RANK AND POWER IN THE 
SOLOMON ISLANDS 


A Solomon Island Society 

Kinship and Leadership Among the Siuai of Bougain- 
ville. By Prof. Douglas L. Oliver. Pp. xxii+534+ 
16 plates. (Cambridge, Mass.: Harvard University 
Press; London: Oxford University Press, 1955.) 
80s. net. 


‘HIS work is a descriptive and analytical record 

of two years field research on an island in the 
Western Solomons in the Australian Trust Territory 
of New Guinea. The term Siuai, originally applied to 
a cape on the south coast of Bougainville Island, was 
later applied to a village there and finally has come 
to be regarded as the name for a large area and for 
the native people living there. These people, num- 
bering nearly five thousand, are agriculturists living 
in hamlet clearmgs in the rough forest on a heavily 
watered plain. ‘Lheir staple crops are taro and sweet 
potato, with coconut, breadfruit and bananas as 
important ancillaries. As with most Melanesians, the 
simplicity of their economy is not matched in their 
social life, which has much of a spectacular, even 
dramatic, quality. 

‘The book begins with a description of the physical 
adaptation of the Siuai people to their environment, 
and of their beliefs and myths about themselves and 
their universe. One difficulty mentioned by the 
author at the outset is in relating the categorization 
of their universe to the categories of their language. 
For example, the Motuna language which the Siuai 
people speak has at least forty ‘noun classes’, the 
nouns of each class being distinguished by the use of 
@ separate set of numerical adjectives. Though 
cautious in his view, the author suggests that the 
differences of quality expressed by special gram- 
matical usages for small round things like nuts and 
eggs, or long thin things like cord, or flat thin things 
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like leaves, do represent something basic in the way 
in which the Siuai look at the world around then, 
But he does not feel able to pursue this relation of 
language to logic. Of natural science the Siuai have 
little beyond a crude empiricism. While they are 
careful agriculturists, cognizant of a large number of 
entities in the natural world around them, they have 
not troubled to fit these into any neatly ordered 
system of beliefs. They are incurious about the size, 
shape and nature of the Earth, they have some 
bizarre fancies about the physiology of reproduction, 
and they use magical rather than medical remedies 
for curing their ills. Yet they regard industry as a 
prime virtue—while being humanly inconsistent 
enough to look on paradise as a place where no one 
has to work—and they attribute great importance 
to ambition and renown. 

But while their industry gives them a good living, 
like their ambition it is mainly significant in a social 
field. The author’s analysis here reveals with subtlety 
the various types of social units and social ties which 
are relevant in work and striving for renown. ‘Lhe 
constitution of hamlet and household, the cycle of 
development of the nuclear family, the structure of 
primary and secondary kin relations, the organization 
of production teams and other associations are all 
examined and in particular the great importance of 
matrilineal kin units is emphasized. The section on 
leadership is a most useful one, of direct value to 
those interested in a practical as well as a theoretical 
understanding of native affairs in the western Pacific. 
The facts given are not novel—on the accumulation 
of capital in food, pigs and shell ‘money’, and the 
role of wealth in building up prestige and power 
through competitive feasting and display—but the 
treatment of the facts is fresh and stimulating. The 
rewards, burdens and social effects of leadership in 
such a community are made clear, and we are given 
one of the best accounts of ‘social climbing’ in a 
Pacific society that has yet appeared. Once again, 
too, the radical difference between the government- 
appointed native official and the local leader is made 
plain. 

The author’s primary aim has been to produce a 
single-volume account of all the main aspects of 
Siuai culture, a task which he has thought necessary 
in contrast to the dispersed ethnography on most of 
the other standard cultures studied by the anthro- 
pologist. He has amply succeeded in this lively, 
original, ethnographic account. The final section 
on generalizations, conjectures and questions is a 
stimulating set of reflexions of wide theoretical value. 

RAYMOND FIRTH 


VOL. 179 


STAINING TECHNIQUES 


A Practical Manual of Medical and Biological Stain- 
ing Techniques 

By Edward Gurr. Second edition. Pp. xxv+45l. 

(London: Leonard Hill (Books), Ltd., 1956.) 


‘HE fact that a second edition of this book has 

been made necessary within the comparatively 
short space of time since the first edition appeared is 
evidence enough of its utility and popularity with the 
many workers concerned with micro-technique as 
applied to biological material. ‘This edition is con- 
siderably enlarged and incorporates many new 
particulars which have come to hand since 1953. A 
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short, special section on histochemical methods has 
been added, though the value of such a separation 
may be questioned, since many of the standard 
staining methods are, in effect, histochemical. If 
this section is continued in future editions it would 
be well to furnish it with cross-references to 
appropriate staining reactions included in other 
sections. 

An introduction on the principles of fixation em- 
phasizes some important points which are often for- 
gotten, while the section on fixatives is limited to a 
selection of those in general use, a wise restriction in 
view of the innumerable ‘modifications’, of doubtful 
value, which have found their way into print. In the 
section on embedding and mounting media one is 
glad to see the glycols coming to the fore, though 
the treatment given does not exhaust their possibili- 
ties in this connexion. 

The section on staining methods for animal 
histology lists 170 techniques with operational 
schedules. The botanical section contains sixty- 
eight methods, though the two sections are by no 
means mutually exclusive. For example, the animal 
section gives thirty-nine methods employing hema- 
toxylin and the botanical section only four, but many 
of the former also have botanical uses. Source 
references are given for most of the newer methods in 
each section. 

There is a new section on fluorescence microscopy 
which is a useful introduction to this important 
technique and another section of seventy-six items on 
smear preparations. It is in this last section that 
most of the microbiological methods cited are to 
be found, though there is room for a good deal of 
expansion in this connexion. It would surely be 
better to separate the microbiological methods 
under that name, apart from blood film stains and 
other types of smear. Incidentally there.is no 
mention of the extremely important cellular smear 
techniques for the study of meiosis, which have 
become indispensable in genetic studies. A number 
of appendixes give formula, refractive indices, and 
other useful data; in particular the solubilities of 
reagents and stains, which are often troublesome to 
discover. 

Altogether this edition has markedly improved the 
value of the book as a laboratory companion and it 
should be in the hands of every microscopist. 

R. C. McLean 


THE GRANITE CONTROVERSY 


The Granite Controversy 

Geological Addresses Illustrating the Evolution of a 
Disputant. By Prof. H. H. Read. Pp. xix+430. 
(London : Thomas Murby and Co., 1957. Distributed 
by George Allen and Unwin, Ltd.) 42s. net. 


re the controversy on the origin of granitic rocks 
which has stirred geological thinking in the past 
two decades Prof. Read has played a prominent part, 
and here in compact form are presented eight of his 
published contributions delivered as presidential or 
other addresses between the years 1939 and 1954. 
They provide a stimulating and entertaining record, 
confessedly for the most part of one side of the 
controversy, and reflect clearly the progressive evolu- 
tion of his own ideas. The author as a protagonist of 
wet granitization has not spared rival hypotheses, 
but all has been done with good humour, and what is 
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more, the story is enlivened by frank confessions of 
his own misinterpretations, so that none has cause 
to take offence. 

The new matter now provided appears in a short 
preface to the volume, reviewing the major points of 
contention, the course of the author’s own deductions 
and a summary statement of his present position, 

The disclosures are revealing. The changing out- 
look is reflected in the ultimate scepticism on ‘basic 
fronts’ once so favourably regarded, a revision of 
views of dents de cheval and what appears to be a 
recantation on rapakivi. 

These are moves which will be welcomed by the 
rival champions of magma and deplored by the solid 
diffusionists. 

The development of the idea of a granite series in 
time and place, surely to be recognized as a fruitful 
conception, followed without doubt a clearer apprecia- 
tion of the point of view of the magmatist. 

Let it be said at once that the magmatist has also 
moved. Most have conceded a place for granitization 
though the medium assigned an active role has been 
primarily granitic liquid or its emanations, and there 
has been, since Bowen and Tuttle’s studies, increasing 
recognition of the crystalloblastic texture of many 
granites traced to a magmatic origin. The nature of 
the ‘emanations’ postulated by the wet granitizer is 
seldom disclosed, though the conception that “‘each 
country rock took what it wanted to make itself 
into granite’’ doubtless gives him the required 
answer. 

Prof. Read’s later preference traces the origin of the 
emanations responsible for granitization to the lower 
and basic part of the crust (the sima), and though he 
held and holds that “‘granites and basalts are different 
things . .. in their ultimate source they may thus be 
closely and genetically connected”’. 

This is indeed a concession, and a further sign that 
the author is moving to a middle position in the con- 
tinuing disputation. 

The line of evidence provided by the experimental 
laboratory approach to the subject of granite finds 
little favour in the author’s discourses. 

“Many of us, fortunately, prefer the field to the 
crucible and the triangles and more complex geometry 
that seems to go with them,” indeed sums up his 
outlook on this question. Yet much of the present 
controversy is the product of conflicting interpreta- 
tions of field evidence, a position reflecting in many 
cases the inadequacy of the field relations for reaching 
a firm decision. 

All data relevant to the problem need to be pressed 
into service, and the neglect in this discussion of the 
results of experimental study on the mineral phases 
of granite is to be regretted, the more so now that the 
techniques of investigating wet mineral silicates at 
high temperatures and pressures have been success- 
fully developed, and much new data critical for the 
interpretation of the granite system already made 
available. 

Even the ‘‘consolidated bibliography and full index” 
which the author provides to enable the reader 
“to seek the truth for himself” omits reference to 
the literature on these experimental investiga- 
tions. 

Though this approach to the problem still remains a 
field for Prof. Read’s meditations, it is pleasant to 
reflect that his evolution has brought him already to a 
middle position in the controversy, indeed to that 
receptive state which augurs well for further real 
advances. C. E. Trutey 
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Weather Map 
An Introduction to Weather Forecasting. Meteor- 
ological Office. Air Ministry. (London: Her 
Majesty’s Stationery Office, 1956.) 10s. net. 

'HE fourth edition of ‘““Weather Map” is the 

latest attempt to explain in simple terms the 
science (or is it the art ?) of weather forecasting to 
an interested but often critical public. The author 
is the possessor of an attractive style and has done 
much to lighten the content of his text by the 
addition of well-selected historical detail. Mathe- 
matical treatment is carefully avoided. Generally 
the subject-matter is set out im logical sequence, 
though it is odd that the statement, perplexing to a 
novice, that ‘‘thickness lines give a broad picture of 
the thermal structure of the atmosphere” on pp. 9-10 
should have no cross-reference to the explanation on 
pp. 72-73. The ters on ‘Forecasting from 
Weather Maps’ and on “‘Prebaratics and Upper Air 
Charts” give the reader the comfortable feeling that 
he is being brought imto touch with the latest 
developments in meteorological research. Mary will 
wish to read further, and it is therefore rather a pity 
that the bibliography (in the preface) contains a list 
of only four elementary text-books. These, however, 
are minor blemishes on an otherwise excellent book, 
the beautifully printed maps of which give it a 
character all its own. 

“‘Weather Map” will appeal to all those who wish 
to read more into published weather forecasts. There 
is much in it for students of physics and geography 
who see the necessity of developing a background 
to their subjects. It is also to be hoped that there 
will be @ sufficient public ready to buy such an 
admirable book for its own sake. J. B. Riee 


A Weasel in My Meatsafe 
By Phil Drabble. Pp. 192. (London: William 
Collins, Sons and Co., Ltd., 1957.) 14s. net. 


N a world which becomes increasingly dominated 
by the consequences of physical science, it is 
heartening to remember that the quality of natural 
history observation over the past twenty-five years 
has been equal to that of any other period in history ; 
White and Fabre would have been glad to find them- 
selves in the company of many of our contemporary 
naturalists. 

One who would have much to tell them would be 
the author of this book, who writes as racily as he 
appears to live. His account is not of patient 
observations quietly made but of exciting communion 
with animals with whom he has lived. From Hairy 
Kelly, the rat-catcher, he learned to pick up rats 
without being bitten ; from Haw-Haw, his pet rat, he 
was able to resolve the age-old controversy whether 
it takes two rats to move an egg. The acquisition of 
& ae young badger and the attendant difficulties 
of breeding reveal a love for wild animals which is 
genuine and passionate. It also shows that here is 
an author who can successfully communicate his 
thoughts and feelings to others. “When I walked 
in,” says Mr. Drabble when about to collect young 
Bill Brock, “the walls bulged, and the shadows from 
the jamp shifted over a bit to make room for 
me.’ 

In this attractive book are descriptions of the 
cunning required to capture an escaped stoat, the 
bathing habits of rooks, a cross between a ferret and 
a pole-cat which led to many adventures, the food 
of wild animals and many other topics which cannot 
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fail to enthral anyone with the slightest glimmer «/ 
interest in wild animals. Two features only mar this 
fascinating work. One is the absence of an index—- 
Mr. Drabble might have guessed that his book woul 
be used for reference as well as for recreation. 
The other is that he is at less than his best whe: 
describing his failures; one regrets the smack of 
pomposity which goes ill with such a distinguished 
naturalist and entrancing writer. T. H. Hawxrns 
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An Outline of Bacteriology and Immunity 

By Prof. Ronald Hare. Pp. ix+418. (London ani! 
New York: Longmans, Green and Co., Ltd., 1956.) 
35s. net. 


HE importance of bacteriology in the medica! 

curriculum is rapidly changing. Many diseases 
which were common and often fatal only a few years 
ago are now scarcely seen except in the museum, an: 
the organisms which caused them are encountere«! 
more often in the laboratory than in real life. 1: 
other ways, too, fashions are changing, and th: 
medical student is no longer expected to have the 
detailed knowledge of systematic bacteriology whicl: 
was sometimes demanded in the past. On the other 
hand, other aspects of the subject have increased in 
importance—for example, in the field of chemo- 
therapy, of epidemiology and virology ; and there is 
still a need for the medical student to have a sound 
grasp of the principles of microbiology and immun- 
ology. Prof. Hare has met the challenge of these 
changes in emphasis by producing a book which 
really does make a new ap) The book is 
interesting to read, and that, in a work of this kind, 
is no mean achievement. It gives proper attention 
to principles rather than details; it should help the 
medical student to see the wood as well as the trees, 
and it preserves a good sense of balance throughout. 
Some minor criticisms can be made, and there are 
more misprints than there should be—but these are 
things that can be easily put right in a further edition. 
Prof. Hare is to be congratulated on producing a 
useful and stimulating book which it is certainly to 
be hoped will run into future editions. R. Knox 


Traité de Micro-Analyse Minérale 
Qualitative et Quantitative. Par Clément Duval. 
Tome 3. Pp. 548. (Paris: Presses Scientifiques 
Internationales, 1956.) n.p. 
N setting out to provide a four-volume compendium 
of micro-analytical procedures, qualitative and 
quantitative, Prof. Duval undertook a formidable 
task. This, the third volume of his treatise, follows 
the patterns of Vols. 1 and 2, and deals with the 
elements iron, cobalt, nickel, copper, zinc, ruthenium, 
rhodium, palladium, silver, cadmium, osmium, 
iridium, platinum, gold and mercury. 

The book provides a summary of information 
supplemented by extensive bibliographies, and covers 
much ground. In addition to the chemical information 
to be expected in an analytical work, sections are 
included which deal with, inter alia, natural occurrences 
and mineralogy, scientific and industrial uses, 
chromatographic separations, absorption and emis- 
sion spectrography, and polarography. Adequate 
working details are given for methods selected by 
the author, and copious notes on other methods are 
provided. Prof. Duval’s book is a valuable work of 
reference for all concerned with inorganic analytical 
chemistry. C. O. Harvey 
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By FRANCIS HEMMING, C.M.G., C.B.E. 


HE passage of a quarter of a millennium will 

often dim the glories of men esteemed as great 
in their day ; but Carolus Linnaeus, the two hundred 
and fiftieth anniversary of whose birth fell on May 23 
(new style) this year, is seen to-day as a figure fully 
as important .and significant as he appeared to his 
contemporaries. 

Born in 1707, Linnaeus was the eldest son of the 
pastor at Rashult in the Swedish province of Sméland. 
It had been his father’s hope that he would follow 
him into the ministry; but Linnaeus showed no 
inclination to follow that calling. Greatly disappointed, 
his father at one time contemplated placing his son 
with a tailor or shoemaker. Luckily, however, the 
young Linnaeus, who from his earliest years had been 
an enthusiastic student of plants, attracted the atten- 
tion of J. S. Rothman, a local doctor who believed 
that he had a future before him in medicine and 
natural history and who himself gave him such 
instruction as he could. At the age of twenty, 
Linnaeus entered the University of Lund, but in the 
following year transferred to U which was to 
be his home for the remainder of his life and of which 
he became the brightest ornament. Here he came 
into contact with such eminent men as Celsius and 
Olaf Rudbeck the younger, at that time professor of 
botany in the University, both of whom gave him 
encouragement and assistance in his botanical studies. 

During these early years, Linnaeus had greatly 
developed his innate passion for collecting botanical 
specimens and, inspired by Rudbeck, whose adjunctus 
he had become in 1730, he conceived a great ambition 
to undertake the exploration of Swedish Lappland 
for the purpose partly of making collections of 
botanical and zoological specimens but in part also 
in the hope of discovering valuable mineral deposits 
which were then believed to exist in that virtually 
unknown area. In 1732 Linnaeus obtained a small 
grant for this purpose from the Academy of Sciences 
of Upsala and set off on his famous journey, during 
which he traversed more than four thousand (English) 
miles, often suffering great hardships. Upon his 
return to Upsala his journey was acclaimed as an 
outstanding success and added greatly to the already 
considerable reputation of Linnaeus not only at home 
but also abroad. For Linnaeus himself the journey 
was of the greatest value, providing him with an 
opportunity for making detailed observations in the 
field, a kind of work to which he attached the greatest 
importance. Later in life, Linnaeus never missed an 
opportunity of undertaking similar journeys in other 
parts of Sweden, making journeys in Dalecarlia in 
1734, and in Oland and Gothlfnd in 1745. These 
journeys gave Linnaeus a knowledge of his own 
country that was unrivalled by any of his contem- 
poraries, greatly enriched his collections, provided 
him with almost unlimited material with which to 
illustrate his lectures and enabled him ultimately to 
compile his ‘‘Flora svecica” (1745) and his ‘‘Fauna 





svecica’”’ (1746), works at that time without rival as 
contributions to the systematic knowledge of the 
flora and fauna of a single country. 

Indirectly, it was the journey through the Swedish 
province of Dalecarlia which set Linnaeus on his 
foreign travels, for it was on this journey that at 
Fahlun he was strongly urged by Johan Browallius 
to complete his studies by taking his doctorate in 
medicine at some foreign university. Though greatly 
handicapped by financial difficulties, Linnaeus decided 
to take this advice. He left Sweden in 1735, going 
first to Hamburg and from there to Holland. Here 
he took his doctorate at Harderwijk. He then went 
on to Leyden, where he met the celebrated and 
wealthy Johannes Fredericus Gronovius. This was a 
most important event, for in the scanty luggage 
which Linnaeus had brought with him from Sweden 
were the manuscripts of various projected works, 
outstanding among which was that of the “Systema 
Naturae”’, which was later to raise him to the pinnacle 
of fame among his contemporaries. From his earliest 
days Linnaeus had not only been an ardent collector 
of botanical and zoological specimens but had also 
been constantly engaged in devising schemes of 
classification by which to arrange the species with 
which he was acquainted in what appeared to him 
to be a natural system based upon likenesses and 
differences displayed by the groups concerned. It 
was the tentative conclusions which-he had reached 
on this subject that were embodied in the brief 
manuscript which he showed to Gronovius on his 
arrival at Leyden. Gronovius was at once profoundly 
impressed by the originality of Linnaeus’s concep- 
tions and by the great advance both in scope and 
treatment which this little work displayed over any- 
thing previously attempted in this field. He showed 
his appreciation in the most practical manner by at 
once offering to defray the cost of publication. Thus 
it was that the first edition of the “Systema” of 
Linnaeus came to be published in Holland in 
1735. 

In all, Linnaeus spent almost three years abroad. 
The greater part of this time was spent in Holland, 
where he laboured with extraordinary pertinacity, 
writing during this period more than a dozen im- 
portant works on botanical subjects. During this 
time, Linnaeus visited also both England and France. 
In London he called at once upon Sir Hans Sloane, 
to whom he had been warmly recommended by 
Boerhaave and for whom he grew to feel the greatest 
admiration. After meeting at Sloane’s house and 
elsewhere all the leading botanists and naturalists in 
London, Linnaeus proceeded to Oxford. Here he 
visited Sherard’s herbarium, the European collection 
in which he considered superior to any that he had 
previously seen. At Oxford he was given a warm 
welcome by Thomas Shaw, who already looked upon 
himself as one of the disciples of Linnaeus. On his 
first arrival he was, however, coldly received by 
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Dillenius who, it appeared, had been deeply incensed 
by Linnaeus’s “Genera Plantarum” (1737), which he 
had looked upon as a personal attack upon his 
own views of classification. Thanks, however, to 
Linnaeus’s pertinacity and fair-mindedness, it was 
not long before these initial misunderstandings were 
dispelled, the two men thereafter becoming the 
closest friends. On leaving England, Linnaeus 
returned to Holland for some time, continuing to 
work incessantly upon the various books on which he 
was then When at last he felt that he 
could not delay his return to Sweden much longer, 
he decided before setting out for home to pay a 
brief visit to Paris. Here he was warmly welcomed 
by de Jussieu, through whom he met all the leading 
French men of science then in the capital. Every- 
where he was received with the greatest consideration 
and before he left Paris received the honour of being 
elected a foreign correspondent of the French 
Academy. By the works published during his stay 
abroad, by the acquaintance which he made with 
leading men of science in Holland, England and 
France and by the immense correspondence which 
throughout those three years he carried on with 
specialists in every centre where active work on 
botany or zoology was in progress, Linnaeus had 
already earned for himself the hi inter- 
national reputation by the time when in 1738, at 
the age of thirty-one, he once more set foot in 
Sweden. 

Although in the course of a life of unremitting 
labour Linnaeus published more than one hundred 
and eighty different works, many of enduring im- 
portance, it is the “Systema Naturae” upon which his 
fame justly rests. The first edition, consisting as 
it did of only twelve folio pages, was little more than 
@ prodromus of the work which Linnaeus had set him- 
self to write, being described indeed by Linnaeus 
himself in 1758 as being but a “‘Conspectus tantum 
operis et quasi Mappa Geographica’’. Nevertheless, 
the appearance of this little volume had an electrical 
effect upon lLinnaeus’s contemporaries and was 
quickly followed by further editions, enlarged, 
amplified and corrected, but all constructed on the 
same basic plan. These culminated, so far as the 
animal kingdom was concerned, in the appearance in 
1758 of the celebrated tenth edition. By this time a 
separate volume of more than eight hundred pages 
was required for describing the ““Regnum Animale’, 
more than four thousand species in which were now 
recognized by Linnaeus. That within the space of 
little more than twenty years Linnaeus was able to 
enumerate so large a number of species was due 
partly to his own ceaseless combing-over of the 
existing literature and to his voluminous corre- 
spondence with zoologists in foreign countries, but 
above all was attributable to the enthusiasm with 
which he inspired his students to undertake journeys 
in distant lands for the purpose of making natural 
history collections. Linnaeus was profoundly sensible 
of the debt which he owed to these discipuli, eleven 
of whom he picked out for special mention in the 
introduction to the tenth edition of the “Systema”’. 
In this list we find the names of such well-known men 
as, for example, Peter Kalm, who collected in Penn- 
sylvania and Canada in 1747; Fredrik Hasselquist, 
who collected in Egypt and Palestine in 1749; Olof 
Torén, who made collections in Malabar and Suratte 
in 1750; and Peter Osbeck, who obtained important 
material in the same year from Canton and from 
Java both for Linnaeus and for Queen Ludovica 
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Ulrica of Sweden. Thus it was by the position which 
Linnaeus had built up for himself as the head of an 
enthusiastic school that he was able to classify aid 
name such large numbers of new species in all branches 
of the animal kingdom. 

Linnaeus’s treatment of the animal kingdom was a 
model of conciseness and method which must indecd 
have been startling to the zoologists of his day. 
Within the animal kingdom Linnaeus recognized four 
systematic categories, of descending order of ma. 
nitude—the Classis, Ordo, Genus and Species. The 
five classes which he recognized were defined on a 
uniform basis, and a similar method was adopted 
for characterizing the orders comprised within each 
class and the genera within each order. For each 
species Linnaeus gave a brief diagnosis accompanied 
by bibliographical references to previously published 
descriptions and figures, particulars of distribution 
and in some cases supplementary descriptions and 
information of what would now be called an ecological 
character. In addition, in the tenth edition Linnaeus 
introduced for the description of the animal kingdom 
the system of binominal nomenclature which a few 
years earlier he had applied to the naming of plants. 
The advantages of the binominal system of nomen- 
elature over the cumbrous polyverbal method em- 
ployed by all previous authors were so obvious that 
binominalism won for itself an acceptance with a 
speed which in view of the difficulties of communica- 
tions about two hundred years ago can only be 
regarded as extraordinary. 

The whole concept of animal life has witnessed a 
profound change since the days of Linnaeus through 
the acceptance of the theory of evolution, ‘and later 
the growth of the science of genetics, and the develop- 
ment of other sciences bearing on zoology. In these 
circumstances, it might have been not unnatural to 
expect that any works on zoology written before the 
time of Darwin, Wallace and Huxley would be out- 
moded, possessing theneceforward no more than a 
historical interest. That this has not happened in the 
case of Linnaeus is the enduring monument to the 
importance and originality of his work. He knew 
nothing of many aspects of zoology which are familiar 
to every worker to-day ; his work contained many 
features which would now be regarded as mistakes, 
and in addition much of it was derivative from the 
work of his predecessors. Why then is it that after 
two hundred years Linnaeus is still the giant that he 
appeared to his contemporaries ? Without doubt the 
answer is that by his vision and imagination, by his 
devotion to logical method and by his immense 
capacity for work he introduced order and system 
into the classification and description of living 
organisms, a reform which provided, as it were, @ 
new jumping-off ground for his successors by giving 
them a systematic schema which, though developed 
and corrected by later workers, remains substantially 
unshaken to this day. 

As part of the celebrations of the two hundredth 
and fiftieth anniversary of the birth of Linnaeus, the 
Swedish people have erected a statue of Linnaeus in 
the ancient city of Upsala where for so long he lived 
and taught and to the renown of which he added 
such lustre. It is well that the great Swedish natural- 
ist should to-day be honoured in this way. But his 
true memorial rests elsewhere. It is that for every 
working systematist Linnaeus is still a powerful 
living figure, to whose works constant reference is as 
necessary as it was to the zoologists of two centuries 


ago. 
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AERONAUTICS AT THE IMPERIAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 
By G. JACKSON 


HE Committee on Education and Research in 
Aeronautics, appointed by Lord Weir of East- 
wood in October 1918 to consider what steps should 
be taken to organize education and research in 
aeronautics after the First World War, reported in 
March 1919 to the Secretary of State for Air, the 
Right Hon. Winston 8. Churchill: ‘‘Education and 
research are clearly very closely interrelated. The 
education with which we have chiefly concerned our- 
selves is that suitable for Aeronautical Engineers and 
Constructors, that is to say, post-graduate work for 
which the students will be fitted by a previous 
undergraduate course of either mechanical or general 
engineering training at one of the Universities or 
Technical Colleges. We have not dealt with the 
training of pilots or of mechanics. The course we 
contemplate will comprise a special study of the 
following matters: Aerodynamics—the laws of 
motion of bodies moving in the air, illustrated by 
experiments and researches in wind channels; the 
principles of design and construction ; engines and 
the methods of propulsion of aircraft ; the investi- 
gation of instruments used in flight, with problems 
in Meteorology and Navigation. The engineer must 
also gain the practical knowledge acquired only in 
the workshop and must have experience of the full 
scale researches necessary to test and verify his 
theoretical conclusions. Such a course might event- 
ually involve one or more centres of theoretical 
instruction with experimental aerodromes and labor- 
atories where the full scale problems may be worked 
out, but as the number of persons likely to require 
this higher post-graduate education will not be great, 
we consider that it will be wise for the present to 
concentrate the work in one central institution with 
which the experimental aerodromes should be closely 
connected. Such a central institution we find in the 
Imperial College of Science and Technology at which 
the Professorship lately founded by Sir Basil Zaharoff, 
G.B.E., is to be held. Turning now to Research : 
this is the means by which advance in Aeronautics is 
possible and it is required by all interested in the 
progress of the subject; by the State whether for 
the purpose of defence or to enable it to lay down 
the rules necessary for the safety of aircraft when 
used for civil purposes ; by the Professor whose aim 
is to increase knowledge, and by the Industry in 
order that they may maintain the superiority which 
British aircraft has already achieved. Research is 
difficult, its requirements are costly, and the men 
who can undertake it are few. To establish separate 
research laboratories and aerodromes for each 
of these special interests is for the moment out 
of the question; here again combination is called 
for ; combination too with the agencies concerned in 
education’’. : 

By the end of 1919 the chairman of the Committee, 
Sir Richard Glazebrook, had been appointed Zaharoff 
professor of aviation. The new Department of Aero- 
nautics received ites first students in 1920, five students 
attending regularly courses in engineering and aero- 
dynamics given at 1 Lowther Gardens, and in 
meteorology and navigation at the rooms of the 


Meteorological Office and in the Air Ministry Labor- 
atory of the Physics Department of the College. The 
following year there were ten full-time students, four 
of whom were research students, and a full-time 
teaching staff of four, namely, the director of the 
Department, the professor of aerodynamics (Prof. L. 
Bairstow), the professor of meteorology (Sir Napier 
Shaw) and the lecturer in design (Mr. F. T. Hill). 
Now, in 1957, the Department is just completing its 
thirty-seventh year with thirty-nine final-year under- 
graduates, twenty postgraduate and research students, 
a teaching staff of ten, and for the first time with 
premises of its own. After moving first to the buildings 
of the Royal College of Science and then to the City 
and Guilds College, the Department now occupies 
the western half of the new Roderic Hill building, 
opened by the Chancellor of the University of London, 
H.M. Queen Elizabeth the Queen Mother, on May 28. 

The major increase in the number of students 
passing through the Department has taken place 
since the end of the Second World War. Prof. (now 
Sir Leonard) Bairstow, who succeeded Sir Richard 
Glazebrook as Zaharoff professor in 1923, had retired 
in 1945, and. the present Department represents the 
fulfilment of plans launched by Prof. (now Sir Arnold) 
Hall and continued since 1952 by the present head 
of the Department, Prof. H. B. Squire, for the expan- 
sion, re-equipment and rehousing of the Department 
to meet the new requirements of the second generation 
of aeronautical engineers. As foreseen in 1918, the 





Fig. 1. Air storage vessels for supersonic tunnels 
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Fig. 2. Experiment on the diffusion of load into a stressed skin panel. In background, 1 ft. x 1 ft. supersonic tunnel 


number of students of aeronautical engineering is now 
sufficient to support departments of aeronautics in 
many colleges and universities. The organization and 
aims of the Aeronautics Department at the Imperial 
College are still accurately described by the intentions 
of the 1918 Committee, except in so far as meteorology 
has been separated from aeronautics, the respons- 
ibility for aircraft navigation has largely been trans- 
ferred to electrical engineers, and the teaching of 
aeronautical subjects has been extended into the 
undergraduate syllabus. 

Aeronautics now has three main subdivisions— 
aerodynamics, aeronautical structures and propulsion. 
The first two are dealt with by the staff of the 
Department and propulsion is taught by the Mech- 
anical Engineering Department. Aerodynamics and 
aeronautical structures are the main activities of the 
Department, the importance of the latter having 
been recognized by the creation in 1955 of a chair in 
aeronautical structures, held since its inception by 
Prof. J. H. Argyris. Sinee 1945 the principal tasks 
in these two fields of activity have been to design 
and install experimental apparatus for study and 
research and to establish up-to-date courses for both 
undergraduates and postgraduates. 

Forty-five undergraduates enter the Imperial College 
each year for a three-year course of study in aero- 
nautical engineering, leading to the B.Sc.(Eng.) 
degree. In their first year these students take a 
common course with other students of engineering in 
the City and Guilds College. In the second year 


about one-third of their time, and in the third year 
all their time, is spent in the Aeronautics Department, 
studying specifically aeronautical engineering sub- 
jects. Postgraduate students may spend one year in 
studying in the Department for the diploma of the 
Imperial College (D.I.C.) or may work for the M.»sc. 
or Ph.D. degrees of the University of London. The 
current expansion of the Imperial College is unlikely 
to see any great increase in the number of under- 
graduates, but the number of postgraduate students 
may increase to forty in the next three years. 

The Department is housed on four floors and has 
three lecture rooms, a library, a drawing office and a 
well-equipped workshop, where much of the equip- 
ment of the Department is made. The laboratories 
are on a scale which, although modest by the stan- 
dards of contemporary aeronautical establishments, 
certainly justifies the observation of 1918 that. the 
requirements of research are costly. The supersonic 
wind tunnel now nearing completion has a working 
section one foot square and will, with its associated 
equipment, have cost more than £50,000. There are 
five wind tunnels, all designed in the Department and 
all built since the War. The working section sizes of 
the three low-speed general-purpose tunnels are 
5 ft. x 4 ft., 3 ft. x 2 ft. (both rectangular) and 
20 in. x 20 in. (octagonal), the latter being intended 
mainly for elementary student experiments. All 
three are of the closed working section, closed-return 
type which is now standard. The top speed of all 
these tunnels is about 200 ft./sec: Several research 
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and students’ experiments in low-speed aerodynamics 

are made each with its own air supply from a blower 
taking from 1 to 5 h.p.—an arrangement much more 
economical and in many cases more convenient than 
using @ wind tunnel. 

The supersonic tunnels have working sections 
lft. x 1ft.and 8in. x 23in. Both have a maximum 
Mach number of two and both are of the induction 
type, supplied from a series of air vessels with a total 
capacity of 2,420 cubic feet. This source also supplies 
air to other small pieces of apparatus for experiments 
in high-speed flow. The storage pressure is up to 
1,000 Ib./in.*, provided by compressors requiring 
altogether 517 h.p. The larger supersonic tunnel is 
designed to be run at stagnation pressures up to 
3 atmospheres in order to extend the Reynolds 
number range. Higher Mach numbers will*later be 
obtained by a relatively simple modification into a 
semi-blowdown tunnel. A small hypersonic tunnel is 
at present being designed. 

The aeronautical structures laboratories contain a 
series of test frames based on two reinforced concrete 
slabs 3 ft. thick, built into the ground floor; a 
universal fatigue testing machine of 60 tons capacity 
taking specimens up to 6 ft. in length; a machine 
for compression tests on stiffened panels; a testing 
machine of 4 tons capacity for determining strength 
and stiffness properties of materials and small 
structural elements ; apparatus for the determination 
of elastic moduli of sheet materials at high and low 
temperature and apparatus for the investigation of 
structural effects due to kinetic heating. 
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The Department has also a small hydrodynamics 
laboratory and an electronic analogue computer. 

Current research work in the Department includes 
various studies of the effects of rotation in fluid 
motion, theoretical work on transonic and hypersonic 
flows, the flow in regions of recirculation (cavity 
flows), vortex flow near slender wings and bodies, 
the use of analogue computers in investigating air- 
craft stability problems, the theory and application 
of matrix methods in structural analysis in con- 
junction with electronic digital computers, the 
analysis of buckling modes of stiffened and sandwich 
panels, the calculation and measurement of vibration 
frequencies and modal shapes of thick plates and the 
investigation of thermal stresses and distortions in 
structures. 

“The engineer must also gain the practical know- 
ledge acquired only in the workshop and must have 
experience of the full scale researches necessary to 
test and verify his theoretical conclusions.” All 
engineering undergraduates of the College receive 
instruction in manufacturing processes ; aeronautics 
students also participate in a course in flight testing 
at the College of Aeronautics, Cranfield, and fly in 
gliders from the Lasham Gliding Centre, and some 
fly with the University Air Squadron. In 
measure, however, the practical side of aeronautical 
education, equal in importance with academic 
training, is the province of the aircraft industry 
where nowadays undergraduate and postgraduate 
apprenticeships link up closely with university 
courses. 


SOME BIOCHEMICAL PROBLEMS OF CANCER CHEMOTHERAPY 


By Dr. HOWARD E. SKIPPER 


Kettering-Meyer Laboratory, Southern Research Institute, 
Birmingham 


Dr. CHARLES HEIDELBERGER 


McArdie Memorial Laboratory, University of Wisconsin, 
Madison 


AND 


Dr. ARNOLD D. WELCH 
School of Medicine, Yale University, New Haven 


HE conviction that cancer is fundamentally a 

group of closely related metabolic diseases has 
often been expressed. If this rather widely accepted 
concept be regarded as correct, it follows that there 
must be important biochemical differences between 
neoplastic cells and their normal counterparts. 
Accordingly, in suitable circumstances, these postu- 
lated differences might be exploited selectively to the 
disadvantage of malignant growth. That the funda- 
mental biochemical lesion or lesions of neoplasia and 
of autonomous cancer cells have not been discovered, 
despite the efforts already made, reflects the in- 
adequacy of our knowledge of the multitudinous 
inter-related chemical reactions concerned with the 
maintenance of life, with the reproduction and 
differentiation of cells, and with such special functions 
as invasiveness (or the absence of it). Nevertheless, 
metabolic knowledge has advanced so rapidly during 
the past decade or two that no justification can bé 
found for the assumption by biochemical investigators 








of a defeatist attitude toward the cancer problem. 
On the contrary, the metabolic problems of normal 
and abnormal growth appear to deserve even more 
intensive study, not only for wholly adequate reasons 
of inherent scientific curiosity, but also because of the 
need for information that might help to combat the 
rapidly mounting death-rate from various forms of 
malignancy. In view of the concept that increased 
knowledge of the biochemical differences between 
normal cells, tumour cells, and highly malignant cells 
can be regarded as a possible key to cancer control, 
too few scientists appear willing to risk the possible 
frustrations attendant upon so formidable a problem. 
Recognizing the need for fresh approaches to cancer 
chemotherapy and for improvement in and expansion 
of research in this area, various agencies have joined 
in the establishment of a new Cancer Chemotherapy 
National Service Center housed at the National 
Institutes of Health of the U.S. Public Health Service 
in Bethesda, Maryland. These agencies include the 








1160 


American Cancer Society, the U.S. Atomic Energy 
Commission, the Damon Runyon Memorial Fund, 
the Food and Drug Administration, U.S. Public 
Health Service, and the Veterans Administration, 
and are advised by an active committee representing 
the chemical and pharmaceutical industries of the 
United States. To guide the Center, five advisory 
panels of scientists and a Co-ordinutmg Committee 
have been appointed; the areas covered by these 
panels are indicated by their designations : Chemistry, 
Screening, Endocrinology, Clinical Studies, and 
Pharmacology and Biochemistry; this article has 
been prepared by members of the last-named panel*. 
The great importance of fundamental biochemical 
investigations, carried on without practical objectives, 
and their potential contributions to the cancer prob- 
lem, must be evident to all. In fact, basic studies 
are supported financially to a steadily imcreasing 
degree by so-called cancer funds, and rightly so, 
for from such basic studies done for their own sake 
may come the knowledge which could permit 
important chemotherapeutic advances to be made. 
However, investigators who conduct much basic 
research with the aid of cancer funds probably should 
feel an obligation to become informed concerning 
certain appropriate aspects of the cancer problem 
and to consider how their studies are related to and 
might benefit applied investigations in this important 
area. 
The progress which has been made during the past 
ten years in the field of cancer chemotherapy, 
together with the gradually increasing number of 
scientists working in this area and the increased 
funds for such research made available in the United 
States by many private donors and agencies and by 
Congress, and in many other countries, strongly 
justify further attempts to develop better drugs with 
which to control disseminated cancer in man. The 
existence of the possibility of such control makes it 
increasingly important that all scientific disciplines 
which could contribute to the advancement of the 
status of cancer chemotherapy be brought to bear on 
the problem. In particular, however, we wish to 
suggest that there is a pressing need for intensification 
of biochemical studies closely associated with the 
current effort to synthesize more effective anti-cancer 
agents. Experimental or clinical cancer chemo- 
therapists will co-operate gratefully with those 
desiring to help provide a better rationale for guiding 
searches for more effective cancer-inhibitory drugs. 
Relatively recent history demonstrates the suc- 
cessful use of so-called screening techniques in dis- 
covering new chemotherapeutic agents. Nevertheless, 
increased understanding of those aspects of meta- 
bolism which must be peculiar to the cancer cell 
would greatly increase the efficiency of selection of 
compounds with desirably selective cytotoxicity. 
Polemical diseussions among those engaged in cancer 
research often concern the relative merits of two 
approaches to the advancement of the status of 
cancer chemotherapy: (1) empirical screening of 
large numbers of compounds against various animal 
and human neoplasms, versus (2) searches for exploit- 
able differences between normal and. neoplastic cells 
as an essential prerequisite to the planned synthesis 
or selection of compounds of greater selective toxicity 


* For the Panel on Pharmacology and Biochemistry of the Cancer 
Chemotherapy National Service Center, U.S. Public Health Service, 
Members of the Panel are: Be: . Brodie, 
2 on A. Nichol, Frederick C. Philips, Howard 


E. Skipper, Charles P. Hutizer (consultant and 


executive secretary) and Arnold D. Welch ( 
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for neoplastic than for normal cells in man. However, 
most cancer investigators will now admit the need 
for both types of effort. Indeed, many up-to-date 
cancer- ing programmes not infrequently blend 
the empirical and the rational (to the degree allowed 
by present knowledge). Hitchings has aptly described 
the concepts which are currently guiding the develo). 
ment of some aspects of cancer chemotherapy as 
“rational empiricism”. Haddow has discussed this 
controversy in an admirably moderate fashion: ‘‘As 
in every field, cancer research is not only dependent 
upon a long-range strategy . . . but is also affected 
by chance, the accidental observation, or the un- 
anticipated simplifying principle. Which is likely to 
be the most decisive it is impossible to tell, yet each 
is complementary to the other, and both are essential 
to our knowledge of the cancer cell’’. 

One of the most difficult questions in any research 
effort is: What are the critical problems which, if 
better understood, might make possible a more 
rational attack and more rapid progress? It is quite 
evident, if one reviews the scope of cancer research 
grants being made to-day, that there is much diversity 
of opinion concerning the research approaches 
through which the control of cancer might be 
attamed. Accordingly, it is undoubtedly wise to 
continue a broad and diverse research programme ; 
however, with the current emphasis on chemo. 
therapy, it also seems wise to include in this effort a 
strong biochemical research programme closely allied 
with the effort on chemotherapy in order that 
increased knowledge of basic principles may be 
developed. Although the directions in which cancer 
research moves must reflect primarily the innate 
curiosity, interests and desires of the scientists 
involved, we suggest that greater effort could be 
expended in certain areas which seem to us increas- 
ingly important. Among these are: (a) the continued 
search for exploitable metabolic differences between 
normal tissues and dependent and autonomous neo- 
plasms ; (6) the disclosure of the biochemical basis 
for the selection of chemotherapeutically resistant 
cells ; (c) studies of the physiological disposition and 
mechanism of action of agents which are known to 
inhibit neoplastic growth; (d) attempts to devise 
biochemically sound combinations of agents for 
simultaneous or sequential multiple blocking; (e) 
studies of mechanisms of metastasis and invasion ; 
(f) attempts to attain selective reduction of drug 
toxicity ; and (g) studies of mechanisms of carcino- 
genesis. 

Search for Exploitable Metabolic Differences 

The ultimate aim in cancer chemotherapy is to 
exploit unique biochemical characteristics of tumour 
cells, for example, by developing compounds with 
highly selective toxicity for cancer cells. Searches 
for, and determination of, the nature of the metabolic 
differences between normal and malignant cells 
should be pursued with the greatest vigour. Recent 
studies (cf. Greene and Busch) have indicated that 
some malignant cells have a greater capacity than 
normal cells of incorporating amino-acids as proteins 
than as free amino-acids ; other studies (cf. Bennett 
et al.) have disclosed differences in the behaviour of 
certain purines of normal and tumour cells in vivo. 
These phenomena, if sufficiently general, could have 
important metabolic and chemotherapeutic implica- 
tions. Important advances in the study of the 
metabolism of mammalian cells reproducing in nearly 
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chemically defined media may facilitate such efforts. 
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Drug Resistance 


it is generally that one of the major prob- 
lems in the field of cancer is the 
propensity of populations of neoplastic os to 
become resistant to chemical agents initially able to 
inhibit their reproductive activity. The importance 
of this problem has been emphasized by Rhoads : 
“For human cancer we have no curative material. 
We can, however, induce for a time very marked 
objective improvement in a substantial proportion of 
patients with cancer of the blood-forming tissues, of 
the breast, and of the prostate gland. Less regular 
effects can be exerted, for very brief periods, in some 
patients with cancer of the ovaries and of the lung. 
These disorders represent 50 per cent of all cases of 
cancer. For acute leukemia in children, three modes 
of treatment exist. The employment of one or the 
other of these, in experienced hands, will return to 
active life, and to appearance of health, essentially 
every affected child. Presumably only the quanti- 
tative inability of the therapeutic measures wholly 
to sterilize or destroy every neoplastic cell and con- 
sequent emergence of resistant cell strains prevent 
complete cure”. It is tacitly assumed that most 
chemotherapeutic agents interfere with chemical 
events more vital to disease-causing cells than to 
normal cells, under the conditions in which the drugs 
are employed with temporary effectiveness. The 
evidence is strong that the failure of presently known 
antileukemic agents to destroy all leukemic cells in 
the patient may be attributable to their low chemo- 
therapeutic indices (based on an _ insufficiently 
selective toxicity) and to the existence of variant 
lines of neoplastic cells in which the susceptibility to 
@ given chemical is no greater than is that of certain 
vital normal cells. 

Strains of bacterial cells as well as of experimental 
neoplasms are available which are profoundly 
resistant to temporarily effective anti-cancer agents. 
Discovery of the chemical or physical differences 
between these resistant bacterial cells and their sus- 
ceptible counterparts (cf. Handschumacher), as well 
as between those of resistant and susceptible neo- 
plastic cells, is a fundamental biochemical problem 
the diversity and complexity of which should stimu- 
late the most inquiring intellect. Also, it is of 
sufficient practical and immediate importance to 
gain the support and enthusiastic encouragement of 
clinicians, who must face continually the frustrating 
problem of the development of a state of refractori- 
ness to initially effective therapy in certain neoplastic 
diseases. Already there is evidence that neoplastic 
cells which have been selected for resistance to one 
chemotherapeutic agent are sometimes appreciably 
more sensitive to another agent than are the parent 
neoplastic cells ; however, it should be made clear 
that the degree of increased sensitivity observed is 
not yet sufficiently great to warrant undue chemo- 
therapeutic optimism. The importance of the study 
of various biochemically logical combinations of 
antagonists (used simultaneously or sequentially), 
through which potentiation of inherent activity may 
be obtained, has been indicated repeatedly by recent 
research. Study of the mechanisms and the circum- 
vention of drug-resistance affords an almost ideal 
meeting ground for the basic scientist and the prac- 
tical cancer chemotherapist. An understanding of 
the mechanisms of resistance of neoplastic cells to 
such agents as ‘A-Methopterin’, 6-mercaptopurine, 
alkylating agents, steroids, ionizing radiation, and 
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other known tumour-inhibiting agents offers much 
to that highly desirable objective of many cancer 
investigators, namely, to place the current attempts 
to control disseminated cancer on a more rational 
basis. 


Physiological Disposition and Mechanisms of 
Action 

An interim and all but neglected area of research, 
which could lead to much improvement in the clinical 
utility of currently available, moderately useful 
drugs, involves studies of their absorption, concen- 
tration in blood and other tissues, and the importance 
of the maintenance of such tissue concentrations ; 
also, studies of the mechanisms and rates of meta- 
bolic alteration of these agents in appropriate 
animals and in human subjects, and of the mech- 
anisms and rates of excretion (and of factors 
influencing such excretion) of parent compounds and 
their metabolites should be conducted. Investi- 
gations along these lines with currently available 
analytical and isotopic techniques could yield 
valuable information concerning the reasons for the 
marked differences between chemotherapeutic value 
in man and in animals that frequently are observed. 
Where suitable techniques for the determination of 
chemotherapeutic agents are not available, it is 
important that effort be devoted to the development 
of adequate methods, not only for experimental use, 
but also for the proper control of therapeutic appli- 
cations in man. 

In conjunction with these studies, vigorous 
attempts to elucidate the precise mechanism of 
action of known antitumour agents should be made, 
and attempts to account for the inactivity of these 
compounds as inhibitors of certain neoplasms may 
prove equally valuable ; elucidations of such mech- 
anisms are almost certain to yield information of 
importance to the development of more effective 
therapeutic weapons. Our understanding along these 
lines is reasonably satisfactory only with those agents 
sometimes referred to as the ‘antifolics’ ; it is some- 
what less satisfactory with azaserine, diazo-nor- 
leucine (DON), and other agents that interfere with 
the synthesis de novo of purines, but also with other 
less well understood aspects of metabolism. Con- 
cerning the precise mechanism of action of the purme 
analogues and many other agents, very much less is 
known. Urgently needed also is an appreciation of 
the modes of action of the so-called cytotoxic alkyl- 
ating agents, such as the nitrogen mustards and 
‘Myleran’, and of various steroids, problems that are 
just as challenging and intellectually satisfying as are 
those related to the antimetabolites. In the case of 
the clinically effective hormones, very little is known 
about their biochemical mechanisms of action, and 
relatively little research in this field appears to be 
aimed in this direction. 

Multiple Blocking 

Another area of research which requires further 
attention arises from the potentiation that has been 
obtained in some cases in which combinations of two 
or more compounds have been applied simultaneously 
in the treatraent of experimental or human tumours. 
Additional screening of new combinations and studies 
of the mechanism of multiple interferences, whether 
‘sequential’, by virtue of inhibitions of two successive 
reactions in the same metabolic pathway (cf. Potter), 
or ‘multiple’ in the sense that several independent 
pathways may be interfered with, also could lead to 
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considerable enhancement of the clinical effectiveness 
of agents already available. Additional studies should 
be made of the effect of agents, not administered 
simultaneously, but successively, immediately sub- 

sequent to the attainment of the maximal antitumour 
effect of each alone. 


Mechanisms of Metastasis and Invasion 

It is very common to think of cancer primarily in 
terms of abnormal growth (the very existence of the 
Committee on Growth, National Research Council, 
which functioned so effectively until its recent dis- 
solution, attested to this philosophy). However, it is 
equally possible that the solution of the cancer 
problem could be found in studies of the important 
Phenomena of invasion and metastasis, so common 
to many of the neoplastic diseases. From the bio- 
logical point of view, the surface of this problem has 
been scratched, but relatively little pertinent bio- 
chemical information exists, and work along these 
lines is urgently needed. The recent important 
achievements of Eagle, Earle, Puck, Fischer, Biesele 
and others, in which both neoplastic (now including 
leukemic) and normal cells have been grown in 
nutritionally well-defined or partially purified media, 
together with Leighton’s sponge matrix technique, 
provide promising tools for this type of research. 
— needed are further biophysical studies of cell 

aces. 


Selective Reduction of Drug Toxicity 

Still another approach is that of attempting 
selectively—that is, without greatly reducing or 
nullifying antitumour activity—to minimize the 
toxicity of anticancer agents for normal cells in 
which regenerative must occur con- 
tinuously, particularly those of the bone marrow and 
the intestinal epithelium. This is theoretically 
possible in a biochemical situation in which cancer 
cells might have a reduced capacity to utilize a meta- 
bolite important to the economy of normal cells, or 
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@ greater ability, as compared with normal cells, 
to release within themselves, by specific enzymatic 
action, @ cytotoxic compound formed from a relatively 


innocuous precursor. 


Mechanisms of Carcinogenesis 

While at first glance carcinogenesis might appear 
to be at the opposite end of the oncologic spectrum 
from chemotherapy, it is not unlikely that, if the 
biochemical mechanisms or carcinogenesis (cf. Heide|- 
berger) were thoroughly understood, very valuablv 
information concerning the fundamental biochemical 
characteristics of tumours would be provided. 
Eventually such information might contribute bene- 
ficially to understanding of prophylaxis, and possibly to 
the control or even the cure of some forms of cancer. 


In conclusion, it should be emphasized again that 
in the United States neither the Cancer Chemo. 
therapy National Service Center nor its advisor) 
panels intends to direct or to dictate policy con- 
cerning research. Those concerned with the develop- 
ment of the national programme believe, however, 
that they would be remiss if the attention of inter- 
ested scientific communities were not directed to 
certain lines of endeavour which we, and others, 
consider worthy of attention and from which some 
contributions toward the eradication or control of 
cancer might be derived. 

No attempt has been made in the present article 
to describe or to initiate specific research projects. 
This can best be done by individual investigators, 
some of whom perhaps may not now be engaged in 
cancer research. Reference has been made to certain 
problems, which, though perhaps well known to many 
investigators, may not be so familiar to others. This 
is with the definite hope that scientists in the latter 
category may be proselytized into unde ing one 
or another of these or other pertinent, or much better, 
research objectives which they may regard as worth 
while. 


ITS PAST, PRESENT AND FUTURE* 


By Pror. F. W. JANE 
Royal Holloway College 


HE history of wood science falls conveniently 

into two periods, the dividing line coinciding 
with the First World War. Modern trends might 
indicate that the latter period is ending, and that 
future historians will date the third era from the 
nineteen-fifties or, perhaps, a little earlier. 

In Britain, wood was probably one of the first 
materials used by early man, and he doubtless soon 
became acquainted with the more obvious properties 
and idiosyncrasies of the abundant timber surround- 
ing him. In ancient Egypt craftsmen used veneers, 
and the fact that some of this work still exists is 
evidence of a very sound knowledge of adhesives as 
well as of wood. The Romans also prized veneered 
furniture. 

In the first period there appears to have been little 
organized investigation of wood, although a vast and 
largely traditional knowledge of timber grew up and 
enabled the craftsman to use timber for building, 


* Substance of the —— address of the Institute of Wood 
Science delivered on January 21 





for ships and rolling stock and other intricate and 
exacting constructional work. Some of the best 
research work of this period seems to have been that 
of dockyard men and naval architects. Duhamel de 
Monceau wrote authoritatively on wood as a struc- 
tural material in the mid-eighteenth century, while 
Dumonteil and Knowles were among those who 
experimented with wood and wrote on its properties 
in the early nineteenth century. Barlow, another 
nineteenth century worker, attempted to rationalize 
the results of his tests on timber, although in this he 
was anticipated by Galileo, who had attempted to 
apply mathematics to the determination of the 
strength of wood. Timber testing was sometimes 
carried out on absurdly small pieces; but Buffon, 
dissatisfied with such tests, experimented on a grand 
scale, determining the strength properties of large 
beams cut from a hundred selected oak trees. 
Surface charring to counteract decay was resorted 
to early, and the foundations of lock gates constructed 
by Leonardo da Vinci were found to have been 
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carbonized, The limitations of charring were early 
realized; but de Lapparent attempted to introduce 
it in the French dockyards in the mid-nineteenth 
century, although between 1830 and 1834 the 
foundations of modern preservative treatment of 
timber were laid by Bethel, who introduced pre- 
servation with coal-tar creosote under pressure. The 
value of this type of preservation seems to have been 
soon appreciated, for it was used extensively for both 
railway sleepers and telegraph poles. 

Machinery for the working of timber is far from a 
modern invention. A water-driven sawmill is said to 
have existed in Germany in 1337, and a machine 
cutting four boards simultaneously was exported to 
America from England in the mid-seventeenth cen- 
tury. Veneers, one-sixteenth of an inch thick, were 
cut by @ power-driven circular saw in 1805, not many 
years after this type of saw was invented. It was 
nearly the end of the nineteenth century, however, 
before the rotary cutting of veneers was introduced, 
thus making possible the large-scale manufacture of 
plywood. 

Study of the detailed structure of wood had to 
await the introduction of the compound microscope. 
Grew soon used this new instrument for studying 
wood structure, and in his “Anatomy of Plants” 
(1682) introduces the idea of correlating structure 
with utilization, giving some specific examples on 
which it would be difficult to improve to-day. Since 
Grew’s time there has been much detailed study of 
wood structure, some of it unwarrantably detailed 
since it ignores the variability of wood within a 
species and even in the individual tree. Attention 
was also directed to similarities of structure in related 
woods, an aspect developed by Solereder in his 
Systematic Anatomy of the Dicotyledons (1898). 

Adequate treatment of this period within the 
limits of the present article is clearly impossible ; 
but it is probable that a longer account would also 
lack cohesion, for progress in wood science was dis- 
jointed, the result of trial and error, or the work of 
isolated individuals or of special investigations 
instituted by the State for specific purposes. 

The First World War saw great advances in 
science and in the application of science to human 
needs. With wood science, practical application was 
often handicapped by ignorance ; research was often 
needed before ideas could be translated into action. 
For example, the urgent need for a strong, but light, 
material for aircraft turned attention to the relatively 
newly developed plywood, and it has been stated 
that the development of plywood kept pace with that 
of the aeroplane. Waterproof adhesives became an 
urgent need, and it is claimed that plywood owes 
much to the intensive research on such glues which 
went on in the early part of the War. 

The outstanding feature of the second period is 
the organized and co-ordinated expansion of know- 
ledge of wood and the dissemination of that know- 
ledge to the trades and crafts concerned with the 
distribution and use of wood. In Britain the Forest 
Products Research Laboratory was established, and 
similar institutions appeared elsewhere. There was 
also the formation of trade bodies such as the Timber 
Development Association, an important function of 
which is liaison between research workers and the 
interested trades. A further development, in Britain, 
was the dissemination of knowledge of wood, by 
education schemes, in which local education author- 
ities played their part through their technical 
colleges. 
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During this period many new or previously little- 
used and little-known woods came into use, and the 
scientific investigation of such woods, as regards 
strength, seasoning, durability and working proper- 
ties, has led to advances in knowledge of mechanical 
testing, kiln drying and other methods of seasoning, 
the incidence and treatment of insect and 
pests, and of techniques for working wood. Plywood 
has developed hand in hand with adhesives to produce 
sheets with special qualities which can be used for 
purposes for which wood alone is useless. Knowledge 
of the mechanical properties of wood has led to 
attempts to make rapid assessments of the strength 
of timber by the method of stress grading, and with 
some timbers it has been possible to effect economies 
in material by this means. Investigation has led to 
the development of timber connectors and adhesives 
which have made possible the safe joining of wood. 
On the side of wood structure the most important 
advance has been in knowledge of the submicroscopic 
structure. Investigations have also been made on 
other materials which may be obtained from wood— 
cellulose and its numerous products, acetone, sugar 
and alcohol—while lignin may-well prove an im- 
portant and valuable primary material, as knowledge 
of this intractable substance increases. 

As to the future, there will, no doubt, be progress 
in the controlled production of the raw material, as 
the science of forestry advances with the decrease in 
the world’s. natural forests, while studies in tree 
genetics may lead to the planting of strains of trees 
with timber of certain desirable qualities. Timbers, 
at present of small value, such as very heavy, recal- 
citrant ones or those of light weight and low strength, 
may be utilized more than at present, and improve- 
ments in woodworking machinery are to be expected. 
It may even prove practicable to saw, or part, timber 
with less wastage in kerf than at present. 

In the field of preservation it is not improbable 
that particular attention will be given to the pene- 
tration of preservatives into wood and that it may 
become possible to preserve wood adequately and 
economically without the use of costly and bulky 
pressure plant. Means of reducing the hygroscopicity 
of wood and consequently its swelling and shrinking 
may also be expected, as also may the development 
of quick and reliable tests to determine the overall 
strength of wood. 

Present knowledge of the submicroscopic structure 
of wood is based on very few species ; while there is 
no reason to expect fundamental differences in this 
respect, research may well reveal variations which 
may serve to explain physical differences between 
woods which apparently have identical structure but 
somewhat different properties. 

At present, the tree is utilized in a most extravagant 
manner, and it seems certain that there will be less 
wastage in the future. The manufacture of fibre 
boards makes for more economical use of the tree. 
Much has been made of the fact that in such boards 
the fibres are not regularly orientated and hence 
grain is eliminated. It may be, however, that fibre 
boards with orientated fibres will be developed, and 
if this is achieved it would seem that the way is open 
to reconstitute wood more or less in its original form 
but in convenient sizes ; then the blending of fibres 
of different trees, each with their own peculiar 
properties, should be possible, with the production of 
reconstituted wood with such properties as may be 
desired. Wood, in fact, may become a manufac- 
tured product. 








Sir John Graham Kerr, F.R.S. 


Sm Joun GrRaHaM KERR, regius professor of 
zoology in the University of Glasgow during 1902-35 
and member of Parliament for the Scottish Univer- 
sities during 1935-50, died at his home, Dalny Veed, 
Barley, Hertfordshire, on Easter Day, after a long 
failing in health. By his death, at the age of eighty- 
seven, zoology loses one of its few remaining links 
with the closing years of the past century, and an 
outstanding personality. 

Born on September 18, 1869, he was the son of 
James Kerr, principal of Hoogly College, Calcutta. 
He received his early education in the parish school 
at Dalkeith, Midlothian, and at the Royal High 
School, Edinburgh, and proceeded to the study of 
medicine in the University of Edinburgh. By a turn 
of circumstance, his orientation to zoology was 
determined when—at the age of nineteen—he joined 
as naturalist an Argentine expedition which was 
setting out to explore the Pilcomayo River on the 
boundary between the Argentine and Paraguay. On 
this expedition (1889-91) he was engaged on general 
natural history and especially ornithology. The 
expedition’s boat had to be left in the upper reaches 
of the river and he saved only part of his collections. 
At this early stage in his zoological career, Graham 
Kerr proved himself to be not only an observer and 
naturalist of great ability, but also « man of resource, 
courage and endurance beyond the ordinary. He was 
always reticent about the hardships that beset the 
ill-fated party on the Pilcomayo, and the part he 
played in averting disaster ; and his account of this 
famous expedition—‘‘A Naturalist in the Gran 
Chaco”’—was only published in 1950. 

After his return, Graham Kerr entered Christ’s 
College, Cambridge, as a Scholar. He was a brilliant 
student and obtained first-class honours in Part II of 
the Natural Sciences Tripos when he had already 
published notable work on the avifauna of the Pilco- 
mayo and on the anatomy of the pearly nautilus. 
Becoming a morphologist and embryologist, as so 
many zoologists were at the time, he was struck by 
the need for more knowledge of the embryology of 
primitive living vertebrates. Having heard of the 
occurrence of the dipnoan Lepidosiren in the swamps 
of the Paraguayan Chaco, and remembering that on 
the Pilecomayo he had heard of a fish which he now 
thought might be Lepidosiren, he planned a second 
expedition to investigate the habits of this little- 
known lung-fish and to collect embryological material. 
On this expedition he was accompanied by J. 8. 
Budgett. Large collections of Lepidosiren were made 
and brought home. 

Graham Kerr now became demonstrator in animal 
morphology at Cambridge and was elected a Fellow 
of Christ’s College and awarded the Walsi 
Medal in 1898. He left Cambridge in 1902, to succeed 
Prof. John Young on the latter’s resignation from 
the regius chair of natural history in Glasgow. At 
that time the chair included zoology and geology ; 
however, these were separated in the following year, 
and Graham Kerr became the first regius professor 
of zoology—a post he held for thirty-three years. 

Both at Cambridge and Glasgow, the South 
American collections formed the subject of the greater 
part of the research work which he and, at Glasgow, 
the school of workers carried out. The whole series 
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of papers, on many aspects of dipnoan embryoloyy, 
forms a@ corpus of research scarcely paralleled in the 
study of any other vertebrate. Graham Kerr’s out. 
look was morphological and phylogenetic, and he 
hoped from the study of Lepidosiren as a primitive 
bony fish to get evidence of the evolution of the 


Amphibia. Throughout his work he was impressed 
by the very great resemblances between the embry.- 
logy he was studying and that of the Amphibia, 
and he came to the conclusion that the Amphibia 
were derived from the Dipnoi. In this many 
present-day zoologists, on other, mainly paleonto- 
logical, evidence, do not agree with him: the 
embryology he described is thought to be general to 
the primitive bony fishes, and the Amphibia to have 
evolved from a related group of these fishes, the 
Crossopterygians. However this may be, there can 
be no doubt that the work of Graham Kerr and his 
school must be regarded as a classical example of 
long-continued research into a fundamental problera 
of zoology, and one that has greatly advanced our 
knowledge of the evolution of the vertebrates. 

His output of zoological research was by no means 
restricted to the embryology of Lepidosiren. He 
published papers on the cephalopod Spirula and 
many other zoological subjects. His “Text Book of 
Embryology”’ appeared in 1919. By the publication 
of this comprehensive treatise, which dealt with all 
the vertebrate groups except mammals and also very 
fully with many important principles of biological 
philosophy, Kerr rendered a great service to scientific 
students. The work was, however, unfortunate in its 
timing, as he was unable to deal with the expansion 
of experimental embryology into the vertebrate field, 
already pioneered by Spemann but not sufficiently 
established to demand attention of all embryologists ; 
this was not to come until the late twenties. A few 
years later there appeared his widely used “‘Zoology 
for Medical Students’’; this was followed by a third 
volume, ‘‘Evolution’’. All Graham Kerr’s books were 
remarkable for the clarity with which he expressed 
himself and for the excellence of his illustrations and 
style. 

Throughout his professorship he gave much time 
to the organization of medical teaching. He per- 
sonally shouldered a great part of the work demanded 
by a very large medical school. His lectures were 
always lucid and stimulating, and those who came 
under his influence could not fail to be impressed 
with his almost encyclopedic knowledge. Graham 
Kerr’s interests extended beyond the fields of 
academic zoology, for above all he was a born 
naturalist with a genuine love of animals—and it 
was these qualities that leavened his lectures and 
gave @ wider vision to generations of medical and 
zoological students, many of whom now hold im- 
portant posts in various parts of the world. 

Graham Kerr never spared any pains to help his 
colleagues and assistants. He was quick to discover 
and encourage unsuspected abilities, and his personal 
influence inspired younger members of his staff with 
the confidence needed for the development of research 
interests on lines different from his own. To all he 
set an exacting standard in industry and efficiency, 
and an example in the proper use of opportunities. 
When he was not himself lecturing or demonstrating, 
@ locked door secured his research from interruption. 
At a knock, this barrier would be opened a few 
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inches only, and a face—wearing a somewhat for- 
bidding or even ferocious expression—would appear 
in the chink. Then, once admitted, the intruder 
would be welcomed with that old-world courtesy and 
charm of character that all his friends will remember 
with affection. 

When Graham Kerr first went to Glasgow, the 
department was poorly housed ; and the monumental 
new building, completed in 1923, stands as his fitting 
memorial. Not the least of his contributions to 
Glasgow zoology was the development of the depart- 
mental museum. In addition to his scientific know- 
ledge, he had a keen artistic appreciation of display 
technique, and his arrangement of exhibits against a 
matt-black background under indirect lighting was a 
new and highly successful departure from tradition. 
This museum was Graham Kerr’s especial pride, and 
under his inspiration it soon became one of the 
finest zoological museums in Britain. Among other 
treasures collected by Graham Kerr in South 
America, it contains the fang of a gigantic extinct 
opisthoglyph snake, Bothrodon pridvi—known only 
from this specimen—which he loved to show to 
visitors. 

Outside his department, Graham Kerr gave much 
time to the University and City of Glasgow. He 
served on the University Court during 1913-21; and 
was associated with the governing bodies of the 
Royal Technical College, the Andersonian College of 
Medicine, and the Royal Infirmary. He was also 
very active, almost throughout his time at Glasgow, 
in encouraging the development of the Marine 
Laboratory of the Scottish Marine Biological Associa- 
tion, at Millport. For several years he was president 
of the Royal Philosophical Society of Glasgow and of 
the Royal Physical Society of Edinburgh. During 
these years he received many honours. He was 
elected a Fellow of the Royal Society in 1909, later 
serving on its Council, and as vice-president in 1938. 
He was successively a Fellow, Neill prizeman and 
vice-president of the Royal Society of Edinburgh. 
Both Edinburgh and St. Andrews conferred upon him 
the degree of LL.D. He was knighted in 1939. 

No notice of Graham Kerr’s achievements would 
be complete without reference to a subject that was 
near to his heart and which, in a letter to me, he 
once described as “fan important little bit of history”. 
In the summmer of 1895, when present at the opening 
of the Kiel Canal on board Mr. W. B. Hardy’s yacht 
Raven, he had been impressed by the fact that France 
and Germany had adopted means to diminish the 
conspicuousness of their warships, while the British 
ships still wore black paint with yellow funnels. 
Combining, as he did, a professional interest in the 
methods of camouflage used by Nature and practical 
experience of their working with a special interest 
in warships, Graham Kerr worked out a system of 
camouflage based upon the principles of obliterative 
shading and disruption (‘dazzle’), and in Septeraber 
1914 urged their adoption upon the Admiralty. His 
proposals were promulgated to the fleet on November 
10, 1914. Unfortunately, some of the earlier experi- 
ments with paint were at fault—the work being left 
to the discretion of individual officers who sometimes 
failed to appreciate the optical principles involved ; 
and Graham Kerr continued to urge the need for a 
special department to deal with naval camouflage 
under expert supervision. There were further delays, 
but between 1917 and the end of the War upwards 
of five thousand ships were treated. In initiating this 
work he rendered a major public service. 
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Graham Kerr had a high sense of public duty, and 
for many years took a leading part in the Unionist 
Party in Scotland. He became successively chairman 
of the Glasgow Committee of Scottish Universities 
Unionists and of the Glasgow Unionist Association. 
In 1934 he was elected president of the Scottish 
Unionist Association, and the following year became 
member of Parliament for the Scottish Universities 
in succession to the late Lord Tweedsmuir on the 
latter’s appointment as Governor-General of Canada. 

After his retirement from public affairs his sight 
began to fail, and his last years were saddened by 
his blindness. This he endured—as he had endured 
the hardships of the Chaco wilderness—with fortitude. 
To friends who visited him at Barley he showed a 
quiet stoicism and self-forgetfulness, and he was ever 
ready to enliven conversation with a shrewd comment 
or amusing anecdote. He once jokingly referred to 
the report, published in Nature, of his award of the 
Linnean Gold Medal in 1955, as “a very pleasant 
obituary notice’. This remark was characteristic of 
Sir John, for he always seemed to regard the many 
honours that were conferred upon him with amused 
modesty—half-feigned and half-serious. 

Sir John Graham Kerr married Elizabeth Mary, 
daughter of Thomas Kerr, in 1903.. Mrs. Graham 
Kerr died in 1934. In 1936 he married Isobel, daughter 
of A. Dunn Macindoe and widow of Dr. Alan E. Clap- 
perton. Sir John is survived by Lady Graham Kerr 
and by two sons and a daughter of the first marriage. 

Hues B. Corr 


Dr. J. F. S. Stone 


Dr. J. F. 8. Stone, whose untimely death has 
recently been announced, was well known for his 
contributions to the prehistoric archzxolugy of 
Britain, and in particular of Wessex and of the 
Salisbury area, in which he lived and worked. Stone 
carried out a number of excavations near his home, 
among which those on Easton Down, the sites of 
prehistoric flint mines and their associated settle- 
ments, were particularly noteworthy. But he will be 
remembered chiefly for his application of scientific 
techniques to the elucidation of problems concerned 
with broader fields of prehistoric study: notably he 
co-operated with Dr. F. 8. Wallis and others in the 
systematic petrological examination of large numbers 
of prehistoric stone axes, as a result of which it was 
possible to demonstrate widespread trade in Neo- 
lithic times, and again with the late Mr. H. C. Beck 
and latterly with Mr. L. C. Thomas in the examination 
of fatence beads, by means of which he was able to 
throw light on the relations between the higher 
civilizations of the East Mediterranean and Bronze 
Age Britain. 

Stone was an amateur in the sense that he put far 
more into prehistory than he ever took out of it; 
but his contributions were of a professional calibre. 
This was due to the fact that he was able to combine 
a feeling for archeology and history with a precise 
training in the natural sciences. He was essentially 
a modest man, and never made the mistake of 
exaggerating the potentialities of the scientific tech- 
niques which he brought to bear upon the problems 
of prehistoric archeology; for this reason his 
influence was wholly for the good, and it may be 
hoped that his example may attract other scientists 
into a field which is in the deepest sense rewarding. 

J. G. D- Cuarx 
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NEWS and VIEWS 
University College of Ghana : Prof. R. H. Stoughton 


Dr. R. H. Sroventon, professor of horticulture 
at the University at Reading, has been appointed as 
principal of the University College of Ghana. A 
graduate of the Imperial College of Science and 
Technology, London, he took up his first appointment 
as mycologist to the Rubber Research Scheme, 
Ceylon, in 1924. He returned to England as assistant 
mycologist at Rothamsted, and was awarded a D.Sc. 
by the University of London in 1932 for his researches 
in bacterial cytology and on the influence of environ- 
ment on the incidence of plant disease. He was 
appointed in 1933 to the newly created chair of 
horticulture at the University of Reading. As a 
horticulturist, Prof. Stoughton’s influence has been 
considerable and has extended into many branches 
of the industry. On the research side, he is known for 
his earlier work on methods of growing plants in 
soilless cultures and, more recently, for his work 
on the influence of light and temperature on plant 
growth and development. He is a member of the 
governing bodies of the National Vegetable Research 
Station and the Glasshouse Crops Research Institute, 
and a member of the executive committee of the 
East Malling Research Station; in addition he has 
served for many years on several committees and 
specialist working groups for the Ministry of Agri- 
culture. In 1956, he was elected to the Council of the 
Royal Horticultural Society. In recognition of his 
services to horticulture, he was awarded the Victoria 
Medal of Honour by the Royal Horticultural Society 
in 1954. Prof. Stoughton is no stranger to higher 
education in Africa since he is a member of the Council 
of Makerere College, Uganda, and (with the exception 
of a short break while serving as dean of the Faculty 
of Agriculture) has been representative of the Uni- 
versity of Reading on the Inter-University Council 
for Higher Education Overseas, since its inception 
in 1946. 


Anniversary of the Birth of Linnaeus 


Tue 250th anniversary of the birth of Linnaeus 
was celebrated by the Linnean Society of London at 
Burlington House on May 30, when there was a 
reception by the president, Dr. H. Hamshaw Thomas. 
Among those present were H.E. The Swedish Ambas- 
sador in London, the president of the Royal Academy 
of Arts, the presidents of the Geological Society 
and the Zoological Society, representatives of other 
scientific societies, the director of the Swedish Institute 
in London, members of the Anglo-Swedish Society, 
together with many Fellows of the Linnean Society 
and their guests. Prof. B. Hanstrém came specially 
from Sweden to represent the Royal Swedish Academy 
of Science and the Universities of Upsala and Lund. 
A large company assembled in the meeting room of 
the Geological Society, kindly lent for the occasion, 
when messages were read and Prof. Hanstrém spoke. 
He presented to the Society a commemorative medal 
from the University of Lund and a finely bound 
volume containing recent studies on the work of 
Linnaeus. The Swedish Ambassador presented a 
commemorative medal on behalf of the Swedish 
Linnean Society, and then delivered a lecture on 
“‘Sweden at the Time of Carl Linnaeus”’ ; finally, Mr. 
W. T. Stearn spoke on “‘Botanical Exploration to the 
Time of Linnaeus’. 
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The Linnean Collections 


Ir is unlikely that such a comprehensive selection 
from the collections in the possession of the Linnean 
Society had ever been shown as that on view for the 
anniversary celebrations. After the death of Linnaeus’s 
son, all the specimens, books, etc., of Linnaeus were 
purchased by Sir J. E. Smith, one of the founders 
of the Society, and these were afterwards bought by 
the Society. From the zoological collections there 
were examples of his shells, tortoises, fishes and 
insects, as well as some of the results of Linnaeus’s 
experiments on the production of cultured pearls. A 
selection of sheets from the herbarium was shown, 
with examples of his notes and annotated books. 
Several cases contained examples of manuscripts 
and personal notes, and the note-book of his Lapland 
journey, with its quaint sketches, were exhibited. A 
collection of books and papers showing the evolution 
of the “Species Plantarum”, which had _ been 
assembled by Mr. W. T. Stearn, was of particular 
interest. The Zoological Secretary (Mr. H. Kk. Hewer) 
showed a map illustrating the travels of the pupils of 
Linnaeus in foreign lands, and with it were shown 
lists of the organisms they had collected, as sent 
home to their teacher. ‘the collections original) 
included rocks, minerals and fossils, but these were 
sold by Sir J. E. Smith and have now disappeared ; 
he retained, however, a mounted lodestone which 
has eventually come into the Society’s possession by 
the generosity of Miss Caroline Hobhouse. This was 
shown for the first time. 


Publications on Linnaeus 


ALTHOUGH the Swedish naturalist, Linnaeus (sec 
p- 1155 of this issue), is still celebrated and 
remembered when contemporaries of equal or greater 
learning and originality, as Albrecht von Haller, are 
forgotten, he nevertheless earned his repute by solid 
achievement, in his lifetime by the quantity of his 
methodical work of cataloguing the world’s plants 
and animals, later by the universal adoption of his 
binominal system of nomenclature. Neither of these 
covers the full range of his activity, reflects more than 
a part of his complex personality or explains the 
regard in which he is held in his native Sweden. 
Indeed, the works of Linnaeus. most read in Sweden 
to-day and valued there for their fresh direct style 
are not the technical internationally known ones but 
the reports of his journeys, which are virtually 
unknown outside Sweden. Even so, it was in one of 
these, the ‘“Olandska och Gothl&ndska Resa” of 
1745, that he first introduced the binominal system, 
initially an indexing device of which the wider 
application did not become apparent to him until 
some years later. ‘The 250th anniversary of his birth 
has already led to several publications on his life and 
work. Others, notably a new translation into English 
of his ““Philosophia Botanica” and a new facsimile of 
the “Species Plantarum” with a long detailed critical 
introduction on Linnaeus’s methods, sources, etc., 
will come later. Of those available, particularly 
noteworthy are A. Hj. Uggla’s “Linnaeus” (Swedish 
Institute, Stockholm; kr. 2.50), a pamphlet with 
sixteen excellent plates, and the Sandberg Bokhan- 
del’s “‘Catalogue of the Works of Linnaeus issued in 
Commemoration of the 250th Anniversary” (Sand- 
bergs Bokhandel, Sibyllegatan .8, Stockholm; kr. 5 
or 1 dollar). The latter is a scholarly, detailed, finely 
illustrated and produced, surprisingly comprehensive 
booksellers’ list running to 180 pages and including 
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892 items of Linnaeana, mostly from the library of 
a Swedish collector, Axel Liljedahl (1875-1956). Its 
compilers, although naturally much indebted to 
Hulth’s “‘Bibliographia Linnaeana” (1907) and 
Soulsby’s “Catalogue of the Works of Linnaeus” 
(1933), have managed to supplement them with 
corrections and additional information, thus pro- 
ducing a further bibliographical tool which university 
and specialist libraries in general and collectors of 
Linnaeana in particular would do well to acquire. 
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Corday-Morgan Commonwealth Fellowship 


THE Corday-Morgan Commonwealth Fellowship 
for the academic year 1957/58 has been awarded to 
Dr. E. A. Magnusson, teaching fellow in the School of 
Applied Chemistry at the New South Wales Univer- 
sity of Technology, Australia. During his fellowship, 
Dr. Magnusson is to carry out an investigation of 
the theoretical basis of chemical bonds, with special 
reference to inorganic complexes, under the super- 
vision of Prof. D. P. Craig, in Prof. C. K. Ingold’s 
Department at University College, London. 

The Corday—Morgan Commonwealth Fellowship is 
awarded for postdoctorate or equivalent study in any 
branch of chemistry. It is tenable for one year only 
in some part of the British Commonwealth other than 
that in which the candidate received his scientific 
education. The award is made by the Corday—Morgan 
Memorial Fund Executive, consisting of the presidents 
and immediate past-presidents of the Chemical 
Society, the Royal Institute of Chemistry and the 
Society of Chemical Industry. 


Directorate of Colonial Surveys 


Tue Directorate of Colonial Surveys has been 
renamed the Directorate of Overseas Surveys; and 
the Colonial Geological Surveys has been renamed 
the Overseas Geological Surveys. The Directorate of 
Colonial (Geodetic and Topographic) Surveys was 
established in March 1946 to co-ordinate the task of 
mapping approximately 1} million square miles of 
land in overseas territories. In particular, it was 
designed to make use of the technique of aerial 
surveys so greatly developed during the Second 
World War. The director of Colonial Geological 
Surveys was appointed in January 1947 to advise on 
the need for geological work in the Colonial territories 
and the best organization to carry it out. This 
resulted in a great expansion in geological staffs 
overseas and the co-ordination of the work of the 
Surveys, as well as the setting up of a central head- 
quarters to provide specialist services for the investi- 
gation of potential mineral resources and for the 
carrying out of geophysical and photo-geological work. 


British Computer Society 


SomE months ago a working party was formed to 
examine a proposal to form a national society to 
meet the need for a forum for the exchange of 
information between the people concerned in the 
scientific, engineering, business and other aspects of 
computers and automatic data-handling techniques. 
It has now been agreed to form a new body, to be 
called the British Computer Society. The London 
Computer Group, which was formed in 1956 and which 
has so far been concerned primarily with business 
interests, with a current membership of 500, has 

to take part in the formation of the new 
Society, and to add its resources to it; all existing 
members of the Group will automatically become 
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members of the new Society. The objects of the new 
Society are to further the development and use of 
computational machinery and the allied techniques ; 
to hold conferences and meetings and to facilitate the 
exchange of information and views and to foster well- 
informed public opinion on this subject; and to 
publish a journal, and other information for the 
benefit of its members. It is intended to incorporate 
the Society as a company limited by guarantee. A 
provisional Council has been formed with the fol- 
lowing membership: Dr. A. D. Booth, E. E. Boyles, 
A. J. Bray, E. C. Clear Hill, Dr. A. S. Douglas, R. G. 
Dowse, F. 8. Ellis, H. W. G. Gearing, A. Geary, 
C. G. Holland Martin, D. W. Hooper, E. N. Mutch, 
R. E. Stevens and Dr. F. Yates. 

The Society intends to form regional and specialist 
groups, and at the outset will set up a Business 
Group and an Engineering and Scientific Group. 
Further information can be obtained from the 
Honorary Secretary, British Computer Society, 
29 Bury Street, London, 8.W.1. 


American Institute of Physics 


THe American Institute of Physics is to move 
during the summer into new headquarters at 335 East 
45th Street, New York City. The building was pur- 
chased in April 1956 for 280,000 dollars, and the 
Institute was fortunate in being able to sell its 
present premises, which twelve years ago was bought 
for 70,000 dollars, at a profit for 300,000 dollars. 
Plans for conversion of the new building, which was 
formerly used as a factory, into suitable adminis- 
trative, editorial and conference accommodation have 
been drawn up and the work has begun. The cost is 
estimated at 250,000 dollars. Details of the new 
headquarters, together with drawings of the interior 
layout and exterior appearance, are given in the 
January number of Physics Today (10, 18; 1957). 
The site is close to the United Nations building, and 
is well placed relative to rail and air terminals. The 
building consists of four floors and a basement, but 
one floor, at present let to a business house, can be 
taken over when future expansion is required. The 
subscription department of the Institute, dealing 
with a membership of 17,000 and 69,000 subscrip- 
tions, will be housed in the basement, while the 
editorial and advertisement departments will occupy 
the first floor. The ground floor will contain various 
general offices, and the third floor will provide space 
for the board room, administration, and offices of 
Physics Today. 


Powder Metallurgy Joint Group 

Tue Iron and Steel Institute and the Institute of 
Metals have formed a Powder Metallurgy Joint 
Group, the objects of which will be to study the 
science, technology and practice of powder metal- 
lurgy. Membership of the Joint Group will be 
restricted to members of the two parent Institutes, 
though the meeting of the Group, as of the two 
Institutes, will be open to non-members. The 
activities of the Joint Group will be administered 
by a Powder Metallurgy Joint Committee. Lieut.- 
Colonel 8. C. Guillan has agreed to act as secretary, 
and further particulars can be obtained from him at 
17 Belgrave Square, London, S.W.1. 

The inaugural meeting of the Group will be held 
at Church House, Great Smith Street, London, 
8.W.1, on December 4, when the programme will 
comprise an introductory statement on the Group’s 
aims and objects, followed by a lecture by Dr. Ivor 
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Jenkins on “Recent Developments in Powder Metal- 
lurgy”. The rest of the morning will be devoted 
to the presentation of short papers dealing with 
developments in the production and quality of metal 
powders ; in the afternoon there will be a discussion 
of the subject. 


Index of Technical Articles 

The Index of Technical Articles (No. 2, March 
1957. Pp. x+90. Annual subscription: 6 guineas ; 
single issues, 10s. 6d.), a monthly classified index of 
articles published in British technical periodicals, 
issued by Iota Services, Ltd., 38 Farringdon Street, 
London, E.C.4, is arranged under subjects according 
to an arbitrary decimal classification. There is a list 
of the periodicals indexed, an author-index and a 
guide to the classification scheme. Entries are freely 
inserted under different heads but without cross- 
referencing. The second number (March 1957) covers 
periodicals received in February. 


Indian Central Cotton Committee : Report for 1955 


For more than thirty years the Indian Central 
Cotton Committee has played an important part in 
raising the conditions of cotton growing and mar- 
keting in India. During this period, and partly due 
to the activities of the Committee, there has also been 
an increasing development and production of im- 
proved cotton varieties. Stocks of these improved 
varieties are maintained as ‘standard’ cottons in 
experimental stations of the various cotton-growing 
tracts. Each year a representative sample of every 
standard is sent to the Technological Laboratory of 
the Indian Central Cotton Committee. Various tests 
are made on the physical characteristics of the fibres. 
The behaviour of each cotton is noted during spin- 
ning, and then tensile and regularity tests are made 
on the spun yarns. The results are published in 
detailed annual reports. There are several objects in 
carrying out these annual tests. The results may be 

ed as norms, and are consulted by cotton 
breeders wishing to know whether any of their new 
selections are of satisfactory quality. The information 
is available to the trade for assessing the commercial 
value and utility of the better classes of Indian cotton. 
Seasonal fluctuations are studied and the data are 
used in correlation analyses of fibre and yarn charac- 
teristics. A recent publication, Technological Reports 
on Standard Indian Cottons, 1955, by C. Nanjundayya 
(Indian Central Cotton Committee, Technological 
Bulletin, Series A, No. 90, pp. 105; March 1956), 
gives the results obtained in the season 1954-55, 
together with comparable summaries for earlier 
years. Four new cottons were added to the list this 
year: Kalyan (G. herbaceum), Gaorani 12 (G. 
arboreum),- and two G. hirsutum (American Upland) 
strains known as ‘Punjab American 320F’ and 
‘Parbhani-American’, making a total of twenty-one 
varieties. 


Soil Map of the World 


THE first manuscript soil map of Europe—Asia was 
produced in 1899 by V. V. Dokuchaev. In 1927 
K. D. Glinka produced a soil map of the world, and 
finally in 1936 L. I. Prasolov compiled a new soil 
map of the world on a scale of 1 : 50,000,000. In a 
reduced form the last map was published in several 


text-books on soils between 1947 and 1954. Recently, 
I. P. Gerasimov and his co-workers have produced a 
revised edition of this map on & scale of 1 : 20,000,000, 


NATURE 











June 8, 1957 


of which a greatly reduced coloured copy has beon 
published by the Dokuchaev’s Soil Institute of the 
Academy of Science of the U.S.S.R. in Priroda 
(No. 10, 5; 1956). This work, however, is bound to 
be affected by the new ideas on the nature of tho 
periodicity of soil types, as determined by the 
radiational index of dryness. According to A. A. 
Grigoriev and M. I. Budyko (Doklady Acad. Sci, 
US S.R., 110, 129; 1956), this factor gives rise to a 
periodic soil zonality within each latitudinal climatic 
belt. A scheme of such periodical classification of 
soil types is given by the authors. 
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Radioactive Isotopes in Metallurgy 

THE application of radioactive isotopes to scientific 
research on, and the industrial production of, metals 
is widely practised in the U.S.S.R. (see Samarin, 
A. M., and Karasev, R. A., Priroda, No. 12, 14; 
1956 ; and Kornev, Yu. V., Metallurgy, No. 1, 15; 
1956). Their two main uses are as a source of 
penetrating radiation, for the detection of flaws in 
ingots und castings, for gauging the thickness of hot- 
rolled steel strips, or of the thickness of the tin-plate 
protective layer, and also for the control of wear of 
the refractory linings of furnaces; and as ‘tracer’ 
atoms used for various research and contrel oper- 
ations, such as control of the rate of mixing, and of 
the rate of corrosion of lining, and for the study of 
the ratio of distribution of various elements between 
slag and metal and of the mobility of elements in 
furnace gases, fluids and solids. 


Isotope School Course on Autoradiography 


A FIVE-DAY course on autoradiographic techniques, 
of particular interest to biologists, will be held at the 
Isotope School, Atomic Energy Research Establish- 
ment, Harwell, during July 22-26. The course will 
include lectures and demonstrations covering the 
basic principles of autoradiography and the inter- 
pretation of the results obtained. Demonstrations 
on stripping film and coating and squashing tech- 
niques will be followed by practical work on squash 
preparations for autoradiography and on the pro- 
cessing and staining of autoradiographs using normal 
and phase-contrast microscopes. ‘Ihe course has 
been in co-operation with Dr. S. R. Pele, 
of King’s College, London, who will give most of the 
lectures and demonstrations. Application forms for 
the limited number of places available on the course 
should be sent to the Isotope School as soon as 
possible. Accommodation can be locally by 
the School on request. The course fee of £10 does 
not include the cost of accommodation. Application 
forms and more detailed information can be obtained 
from the Isotope School, Atomic Energy Research 
Establishment, Harwell, Berkshire. 


Professional Problems of Biologists serving Oversea 


On July 5, 1957, the Institute of Biology is holding 
a discussion on the professional problems which con- 
front biologists working oversea. Among the problems 
to be considered will be the effects on scientific staffs 
of the granting of independence to Colonial territories 
and the suggestion, made by the Advisory Council 
on Scientitic Policy, that teams of home-based 
scientific staff should be attached to the Agricultural 
and Medical Research Councils to form pools from 
which Commonwealth territories would be able to 
draw scientists for work on particular problems. The 
meeting will be under the chairmanship of Dr. 
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Kenneth Mellanby, formerly principal of University 
College, Ibadan. The speakers will include biologists 
with experience in East and West Africa, the West 
Indies, Malaya and the Sudan. The meeting will be 
open to all persons interested. Further information 
can be obtained from the Secretary, Institute of 
Biology, 41 Queen’s Gate, London, S.W.7. 


University News : London 


Tue title of reader in histochemistry in the 
University of London has been conferred on Dr. 
A. G. E. Pearse in respect of his post at the Post- 
graduate Medical School of London. 
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Reading 


Tue University of Reading has received a donation 
of £20,000 from the Shell Petroleum Company, Ltd., 
towards the cost of the proposed research laboratory 
in sedimentology in the Department of Geology; a 
gift from C. C. Wakefield and Company, Ltd., for 
the purchase of apparatus for the laboratory; and 
an offer from the British Petroleum Company, Ltd., 
to provide funds for a research fellowship for a 
period of three years, to be known as the George 
Martin Lees research fellowship in sedimentology. 


Sheffield 


Tue following appointments in the University of 
Sheffield are announced: J. C. Gilbert, as professor 
of economics and head of the Department of Econ- 
omics ; D. C. Hague, Newton Chambers professor of 
economics; Dr. R. G. Wilkins, senior lecturer in 
inorganic chemistry; P. N. Robson, lecturer in 
electrical engineering; Dr. V. Massey, lecturer in 
biochemistry; Dr. Edith Hendley, temporary 
assistant lecturer in physiology. The title of reader 
in social and industrial medicine has been conferred 
on Dr. J. Pemberton, at present senior lecturer in 
social and industrial medicine, and the title of reader 
in theoretical physics on Dr. N. H. March, at present 
lecturer in physics. 


Announcements 

THe Marquess of Salisbury and Sir William Slater, 
secretary of the Agricultural Research Council, have 
been elected Fellows of the Royal Society under the 
Statute of the Society which provides for ‘‘the 
election of persons who either have rendered con- 
spicuous service to the cause of science or are such 
that their election would be of signal benefit to the 
Society”’. 

Pror. Wirtt1amM Jotty Duncan, Mechan professor 
of aeronautics and fluid mechanics in the University 
of Glasgow, has been appointed chairman of the 
Aeronautical Research Council, in succession to Sir 
Alfred Grenville Pugsley, professor of civil engineering 
in the University of Bristol, who has been chairman 
for the past five years. 


THE Ciba Foundation for the Promotion of Inter- 
national Co-operation in Medical and Chemical 
Research, wishing to encourage research on basic 
problems of ageing, invites candidates to submit 
papers descriptive of work in the field for awards for 
1958. Not less than five awards will be made in 
July 1958, of an average value of £300 each, for 
which entries must be received not later than 
January 1, 1958. In making the awards, preference 
will be given to younger workers. The papers may 
be in the candidate’s own . Papers should 
not be more than 7,000 words in length and in ali 
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cases @ summary in English must be attached. 
Copies of the regulations and forms of application 
can be obtained fromi the Director of the Ciba 
Foundation, 41 Portland Place, London, W.1, to 
whom all inquiries should be addressed. 


A symposium entitled “ of Foods with 
Ionizing Radiations” is to be held at Cambridge on 
September 26 and 27. Those interested in attending 
or contributing papers are invited to write to Dr. 
R. 8. Hannan, Low Temperature Research Station, 
Downing Street, Cambridge, for details. Early 
application is advised as the available accommodation 
is limited. 

An international symposium on “The Biology of 
Hair Growth’, organized by the British Society for: 
Research on Ageing, with the financial support of 
County Laboratories, Ltd., Stanmore, Middlesex, is 
to be held at the Royal Society of Medicine, 1 Wim- 
pole Street, London, W.1, during August 7-9. 
Further details can be obtained from Dr. G. H. 
Bourne, London Hospital Medical College, White- 
chapel, London, E.1. 


An International Conference on “Ultra High Fre- 
quency Circuits and Antennx”’, organized by the 
Société des Radioélectriciens’’, will be held in Paris 
during October 21-26 in the "lecture rooms of the 
Conservatoire National des Arts et Métiers, 292 rue 
St.-Martin, Paris 3. The Conference will discuss 
recent results on circuits and antennz operating at 
frequencies greater than 1,000 Mc./s., with special 
reference to: circuit theory relating to waveguides 
and antenne; waveguides and lines; waveguide 
components; properties and use of anisotropic 
materials (ferrites); radiating-aperture antenn2 ; 
end-fire radiating antennz ; special purpose antennz 
and antenna measurements. The proceedings will 
afterwards be published. Inquiries should be sent to 
the Conference Central Office at the following 
address: Congrés “Circuits et Antennes Hyper- 
fréquences”’, Société des Radioélectriciens, 10 avenue 
Pierre-Larousse, Malakoff (Seine). 

Tue University of Wisconsin School of Medicine is 
organizing a symposium on “‘Latency and Masking 
in Viral and Rickettsial Infections”, to be held at 
the University during September 4-6. The purpose 
of the symposium is to consider recent information in 
human, animal and plant systems that bear on the 
interaction between host cell, infecting agent, and 
the cellular environment. The programme is divided 
into three general discussions after an introductory 
address by Dr. C. H. Andrewes (National Institute 
of Medical Research, London). The first day will be 
devoted to ‘‘Viral Characteristics leading to 
and Latency”, the second to “Factors of Host Cell 
and Environment contributing to Masking and 
Latency”, and the third to ‘“The Role of Inhibitors 
in Masking and Latency’’. Accommodation, including 
lodging and meals, is available for about three hun- 
dred guests and participants in University dormi- 
tories at a charge of 20 dollars for the three-day 
period, payable at time of registration. Inquiries 
should be addressed to Dr. A. 8. Evans, Division of 
Preventive Medicine, University of Wisconsin Medical 
School, Madison, Wisconsin. 


Erratum. In the communication entitled ‘““Quant- 
itative Evaluation of Hemagglutination by means of 
a Density Column” in Nature of June 1, p. 1132, 
col, 2, line 10, for ‘‘0-9 ml. of the dextran solution”’ 
read “9 ml. of the dextran solution’’. 














A HIGHLY successful symposium on ‘‘Aluminium 
in Electrical Engineering’, organized by the 
Aluminium Development Association, was held in 
London at the Institution of Electrical Engineers 
during May 16-17. It was attended by some five 
hundred representatives of the electrical engineering 
and aluminium industries and of electrical generating 
and distribution authorities, one-tenth of whom came 
from overseas. After an maugural luncheon, at which 
the principal guest was the Right Hon. Reginald 
Maudling, M.P. (H.M. Paymaster-General and a 
former Minister of Supply), successive sessions of the 
symposium were devoted first to general and econ- 
omic questions related to aluminium usage in elec- 
trical engineering, and then to its use in transmission 
and distribution lines, and in electrical equipment. 
The papers considered at each of the three sessions 
were introduced by a rapporteur, and this was fol- 
lowed at each session by an ing and con- 
structive discussion. The full proceedings, including 
reports of the discussion and the authors’ replies, 
will be published later in the year. 

The purpose of the symposium was to take stock 
of the present-day position in a field of application 
which dates back almost to the beginnings of the 
aluminium industry and to-day absorbs about 15 per 
cent of the world’s fast-growing supplies of the 
metal, which last year reached 3} million tons of new 
metal alone. C. H. E. Ridpath and D. F. J. Worth 
first gave a general account of the main properties 
and electrical uses of the metal. Its key property as 
@ conductor metal is, of course, its high electrical 
conductivity (61 per cent that of copper): in 
addition, it weighs only half as much as its electrical 
equivalent of copper and is inherently stable in the 
atmosphere ; and research and development work 
have led to standards of composition and performance 
in which these properties are coupled to suitable 
mechanical strength for a wide range of electrical 
engineering uses, including bare overhead cable, 
insulated cable and windings for equipment. The 
main technical problem, which has been recognized 
for nearly a century, is that of obtaiming joints of 
high strength and low resistance between aluminium 
on one hand, and aluminium or copper on the other. 
The fundamentals of this problem were presented by 
J. C. Bailey and P. Gregory. The tough, continuous 
oxide film, which forms spontaneously on aluminium 
exposed to the air, has to be broken up or removed 
before a satisfactory joint can be obtained; but 
there exist a wide variety of ways in which this can 
be carried out, including soldering, brazing, bolting 
(under moderate pressure), ‘crimping’ (under greater 
pressure), arc-welding, resistance-welding and cold- 
pressure welding. Naturally, all these came under 
discussion in the detailed sessions, but Bailey and 
Gregory emphasized that the techniques used should 
be designed to meet aluminium’s own properties, and 
not merely adapted from those worked out for 
other metals. 

The economics of aluminium usage were generally 
surveyed at the opening session by Dr. E. G. West, 
technical director of the Association, but this aspect 
also received a good deal of detailed attention at 
later sessions. From a study of the supply position 
of aluminium in relation to the metals copper, zinc 
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and lead, with which it competes in this field, Dr. 
West concluded that the increasing use of aluminium 
is to be expected because of its favourable long- 
term supply position, its strong competitive position 
relative to these other metals, and the relative 
stability of its price. It was evident, however, that 
while these conclusions were broadly accepted by 
the conference, there was some hesitancy regarding 
future price trends because of recent attempts to 
stabilize the price of copper at a level (about £250 
per ton) much lower than that which it commanded 
only a year ago. Could such price control be main- 
tained in face of the wide spread in the yields of 
copper from its various ores, and the consequent 
wide range in costs of production ? In the nature of 
things, this question could not be answered, but it 
was noted that the present price-relation between 
copper and aluminium was about the same as in 
1939; and by that date aluminium had already 
played an important part in the world’s overhead 
supply lines, and insulated aluminium cables and 
aluminium-wound transformers were by no means 
unknown. Such hesitancy as was shown in the dis- 
cussions was thus confined to these latter applications, 
which had been greatly stimulated in recent years by 
@ more favourable aluminium/copper price relation 
than subsists to-day, and on which a number of 
papers of great technical interest’ were presented. It 
seemed evident that such developments would be 
actively pursued and evaluated by trial under service 
conditions, even if their large-scale realization might 
in some cases have suffered a temporary setback. 

Papers on transmission lines for high voltages 
(66 kV. and more) and on distribution lines (up to 
33 kV.) were presented by G. B. Jackson (Central 
Electricity Authority) and by R. Cloke and R. Fyfe 
(Eastern Electricity Board}, respectively. Jackson 
noted that the Central Electricity Authority con- 
trols more than 7,000 circuit miles of lines at 
voltages up to 275 kV., the great majority of which 
are of steel-cored aluminium. Three standard sizes 
of composite conductor are normally used, but extra 
large conductors have been prepared for long spans 
crossing rivers: for example, the main span of the 
Severn crossing (5,310 ft.) will employ steel-cored 
aluminium conductors nearly 1-7 in. in diameter, 
under a tension of nearly 27 tons, and a still larger 
conductor is being planned. Greasing of the steel 
core with a metal soap is now usual to avoid cor- 
rosion in industrial atmospheres; and it was men- 
tioned that conductors erected by modern standards 
should have a life of forty years or more. The wide- 
spread use of such cables in many countries is, of 
course, well known, but some interesting differences 
in practice came to light during the discussions. 
These related both to jointing methods and to con- 
ductor composition. A point of interest was made 
by J. Staley (Reynolds Metals Co., of the United 
States), who referred to the probability that alum- 
inized steel wire would replace galvanized steel in 
such conductors. 

Discussion of the use of aluminium conductors in 
insulated power cables, based on a paper by G. F. 
Pierson (Midlands Electricity Board), centred largely 
on jointing problems and on questions of economics. 
There was surprisingly little reference from British 
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speakers to aluminium-sheathed power cables, in view 
of their growing use in Britain; but R. C. Mildner 
referred to aluminium sheathing in telecommunica- 
tions cables, and it was evident from comments by a 
number of speakers from overseas that aluminium 
sheathing (in place of lead) would be used in future 
for a wide range of cables as manufacturing tech- 
niques improve. Bus-bars and bus-bar jointing were 
discussed by A. KR. Parish: many satisfactory 
installations go back thirty years or more, and 
jointing need not be a serious problem. The most 
desirable development here is the production of high- 
strength aluminium (magnesium-silicon) alloys show- 
ing @ minimum loss of conductivity due to alloying 
constituents, for use in a.c. circuits. 

The closing session of the symposium was concerned 
with aluminium in electrical equipment, and provided 
much of the most interesting new material. Alum- 
inium windings for transformers and the like were 
described by F. W. Gee and R. J. Gresley (Ferranti, 
Ltd.), who stressed the need, referred to above, for 
manufacturers to gain experience with such con- 
structions now, against the time when the economic 
advantage of aluminium, which already exists in 
some cases, becomes more general. In this applica- 
tion, as in all others involving aluminium windings, 
the need to use an aluminium conductor having a 
cross-section some 60 per cent greater than that of 
the equivalent copper conductor involves an increase 
in size of the apparatus if conventional insulated 
conductors are employed. Cases occur where such an 
increase would not be acceptable ; but even when 
this does not apply, increased size would involve the 
use of more iron in the magnetic circuit and hence 
greater iron losses. Gee and Gresley referred to the 
interesting possibility of avoiding such increase by 
using aluminium conductors protected by anodic 
oxide layers which require no further insulation. 
The same possibility was discussed in greater detail 
by J. Staley, who presented a paper, not previously 
available as a preprint, on anodized aluminium 
strip conductors. Other uses of aluminium which 
were discussed included structural applications, for 
example, transformer tanks, where the low suscept- 
ibility of the metal could lead to economies due to 
elimination of losses arising from stray flux, and the 
use of die-cast aluminium in the equipment of 
telephone exchanges. 

The symposium was accompanied by a compre- 
hensive exhibition illustrating the matters discussed 
and by demonstrations of arc-welding and cold- 
pressure welding techniques. Its organization reflects 
the highest credit on all concerned, and the published 
proceedings, when available, will be a valuable 
contribution to the literature of the subject. 

L. V. Cuinton 
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CLEAN FOOD 


HE 108th meeting of the Nutrition Society 

(49th meeting of the Scottish Group) held in the 
Physiology Department, University of Aberdeen, 
on April 20, took the form of a symposium on ‘‘Clean 
Food”. This was divided into three main papers, 
and five shorter papers dealing with particular 
aspects. In his introduction, the chairman, Sir 
Stanley Davidson, indicated the importance of clean 
food in preventing food-poisoning and the important 
parts played by the sanitary inspector, medical 
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officer of health and bacteriologist in looking after 
the health of the community from this point of 
view. 

In his paper on public health aspects of food- 
poisoning, Dr. Kenneth Cowan, chief medical officer 
of health, Department of Agriculture for Scotland, 
stated that the public health issues involved in 
food-poisoning are related to the immediate action 
required to investigate and control outbreaks of food- 
poisoning, and to the education in hygiene of those 
engaged in the handling, storage and preparation of 
food. ; 

An adequate alarm system in the form of prompt 
notification by medical practitioners and a thorough 
investigation by the medical officer of health leads 
to a knowledge of the types of bacteria and foodstuffs 
most likely to be associated with poisoning, thus 
making easier the task of establishing the cause of 
an outbreak. 

When outbreaks occur in more than one family 
the prime duty of investigators is to trace the con- 
taminated food back to a common source where, in 
their efforts to find the causal agent, attention will 
be given to the general hygienic conditions, and 
personal hygiene and history of recent illnesses 
among the staff. Early action is the most important 
factor in finding the causal agent. 

The principles of prevention are relatively simple, 
being a high standard of personal hygiene among 
those handling food and adequate precautions 
against contamination in storage. This involves 
education of food workers in the principles of hygiene 
and the provision of premises which will enable the 
principles to be put into practice. 

In describing the bacteriology of food poisoning 
Prof. J. W. Howie (Department of Bacteriology, 
University of Glasgow) pointed out that a recent 
report by the Public Health Laboratory Service 
showed that the majority of food-poisoning incidents 
successfully investigated in 1955 were caused, in 
order of importance, by salmonellas, staphylococci 
and Clostridium welchii. Of the other organisms 
known to cause food poisoning the most dangerous 
is Clostridium botulinum. 

More than three hundred different types of sal- 
monellas have now been identified. In Britain 
Salmonella typhi-murium is by far the commonest 
isolated from cases of food-poisoning. Rodents, 
certain farm animals and certain domestic animals 
may become salmonella-carriers and therefore a 
source of infection for man. The part played by 
human carriers in spreadi infection is slight 
compared with that attributable to animal carriers. 
The commonest vehicles of salmonellas are meat, 
milk, artificial creams and eggs. The prevention of 
this type of infection, which would reduce fuod- 
poisoning to manageable proportions, involves control 
over distribution of particularly susceptible food- 
stuffs, higher cooking and lower storage temperatures 
for susceptible foods and more combined operations 
by public health officers and bacteriologists to dis- 
cover more precisely which food ingredients carry 
the greatest risks. 

In staphylococcal food poisoning the human 
carrier is most important. Staphylococci capable of 
producing the enterotoxin responsible for poisoning 
symptoms are to be found in the human nose and 
on the skin. 

Clostridium welchii, which forms spores, is more 
resistant to heat than salmonellas or staphylococci. 
These spores resist temperatures of 100° C. for an 
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hour or more. The organism is widely distributed in 

soil and hence in human and animal intestines. 
Thence it becomes widely distributed in meat, 
water, milk, dust and sewage. Cooked meats which 
are kept overnight can become infected by the 
growth of heat-resistant spores while the cooling 
food passes through the 40—20° C. temperature-range. 
The larger the portion of meat cooked the greater 
the danger from infection because of the rate of 
cooling and favourable anaerobic conditions at the 
centre. Gravy and moisture enhance growth. Short 
periods of pressure-cooking at 105-120° C. destroys 
spores more readily. 

Clostridium botulinum, a much stricter anaerobe 
than Clostridium welchii, has also a much more heat- 
resistant spore. A powerful toxin estimated to be 
lethal at 0-01 mgm. or less is produced in the food 
and causes true food-poisoning when consumed. 
No infection is set up in the human body. Invariably 
botulism is caused by avoidable faults in the 
preparation and preservation of food. 

The chief sanitary inspector of Aberdeen, Mr. 
H. B. Parry, described some of the work carried out 
by officers of local authorities during inspection of 
food. Their first concern is the sampling and 
examination of foods which have proved to be the 
most likely vehicles for transmission of infection. 
The regulations governing the quality of retail milk 
and ice cream were described as well as methods of 
inspection of meat in the slaughter-house and the 
conditions leading to rejection of the whole or part 
of @ carcass. 

In large ports such as Aberdeen the inspection of 
fish is routine and is primarily directed towards 
detecting early decomposition caused by organisms 
penetrating the skin, gills or cavities. Sea fish are 
remarkably free from disease but certain species of 
fish caught in particular waters appear to be liable to 
parasitic infestations, and this is under investigation 
by research workers and sanitary inspectors at the 
moment. Imported food is sampled and examined at 
ports after Customs clearance and all stained con- 
tainers are opened. Food may also be analysed to 
check manufacturers’ claims on the label, or as 
otherwise advertised. 

The first of the five subsidiary papers by Mr. 
E. W. G. Guest, joint managing director of Macvitties 
Guest and Co., Ltd., Edinburgh, gave the point of view 
of catering management. Mr. Guest stressed the 
importance of the training in hygiene received by 
students at technical colleges and baking and catering 
schools. He pointed out that the new hygiene 
regulations should establish conditions necessary for 
cleanliness in establishments concerned with food 
processing. Modern kitchen equipment undoubtedly 
improves hygiene but is expensive, more especially 
during present-day credit restrictions. Adequate 
attention must be paid to storage of prepared food. 
The display of such food in self-service establishments 
presents special problems because of the proximity of 
the customers, but new methods of protecting food 
on display should overcome many difficulties. 

In his talk on the clinical aspects of food-poisoning, 
Dr. A. W. Wright, Bangour Hospital, West Lothian, 
observed that, of the many papers published annually 
in the medical Press, only a few dealt with the clinical 
aspects. Food-poisoning may be a severe disease in 
the young and the aged as well as in hospitals or 
institutions where the impact on a sick or infirm 
population may be disastrous. Clinical features vary 
with the infecting organism. In staphylococcal 








June 8, 1957 


infections the patient is struck down two or three 
hours after eating contaminated material, the symp- 
toms being severe vomiting and diarrhoea, with a 
rise in temperature. Recovery is usually rapid 
within twenty-four or forty-eight hours. With 
Clostridium welchii, symptoms are relatively mild— 
abdominal colic and diarrhoea from ten to eighteen 
hours after eating, with no rise in temperature ani! 
only occasional vomiting. In the commonest forin 
of poisoning by Salmonella typhi-murium the incuba- 
tion period is usually 12-24 hr. and in Dr. Wright's 
experience recently considerably longer. Systemic 
disturbance is common, with headache, rise in 
temperature and occasionally rigors occurring some 
hours before vomiting and diarrhoea. Many inter- 
esting features of salmonella infections were then 
discussed, a short account being given of a recent 
outbreak in a general hospital. In this case the 
organism proved resistant to sulphasuccidine but 
sensitive to streptomycin, chloramphenicol and 
tetracyclines. The latter two were advocated as a 
routine measure in all such cases. 

An investigation during 1954-56, into hygiene in 
restaurants and public houses, was then described 
by Dr. T. 8. Wilson, Health and Welfare Department, 
Corporation of Glasgow. In the first survey covering 
fifty representative kitchens only twenty-seven out 
of 260 washed utensils examined attained the United 
States Public Health Standard. Only two from 
forty-two drying cloths showed less than 500 organ- 
isms per square inch. Only seven from forty-two 
wash and rinse waters yielded less than 500 organisms 
per ml. 74 per cent of kitchens yielded fecal 
Bacterium coli from one or more items but no recog- 
nized types of food-poisoning pathogens were isolated 
apart from Staphylococcus aureus. Clostridium welchii 
was obtained from several articles. Arrangements in 
many kitchens were poor, the paramount need being 
for improved ventilation and more hot water at 
180° F. 

In the fifty public houses visited the sanitary 
arrangements, especially for women, could be much 
improved. Only fourteen from twenty-seven drying 
cloths gave counts less than 500 per square inch. 
Staphylococcus aureus was isolated from five cloths, 
Streptococcus viridans from three and fecal Bacterium 
coli from only one. Only fourteen from forty-five 
samples of wash water and eighteen from 142 ‘clean’ 
beer glasses conformed to the United States Public 
Health Standard. No group A hemolytic strepto- 
cocci were demonstrated on ‘clean’ glasses. On the 
whole, toc little hot water was available, and when 
available it was at too low a temperature. Dr. Wilson 
recommended the use of a quaternary ammonium 
germicide in the washing water with a second rinsing 
sink properly maintained. 

Miss L. C. Currie (Glasgow and West of Scotland 
College of Domestic Science), in her paper on protect- 
ing food at home and in the canteen, said that the 
education of housewives and canteen workers in food 
hygiene continues to be done by well-tried propaganda 
methods and to be demonstrated in a practical way 
in the home by health visitors and in the canteen by 
managerial staff. Publicity should be given to the 
most susceptible foods, the conditions giving rise to 
contamination and practical ways of avoiding it. 
Conditions of work in canteens and at home should 
be such that the principles of good hygiene can be 
carried into practice. This includes the of 
kitchens and provision of suitable space for food- 


storage when necessary. 
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The effect of spoilage and handling on the bacterial 

flora of fish was discussed by Dr. J. M. Shewan 
(Torry Research Station, Aberdeen). Although the 
flesh of newly caught fish is sterile, bacteria are 
always present on the skin and gills and in the gut. 
The flora consist of approximately 50 per cent 
Pseudomonas, 40 per cent Achromobacter spp., 5 per 
cent Flavobacterium, 2 per cent Corynebacterium and 
2 per cent Micrococcus with 1 per cent miscellaneous 
groups. Despite repeated attempts, no enterobacteria 
have been found. The latter would be expected from 
polluted waters. This division of flora holds for 
haddock, cod, lemon sole and skate, the four North 
Sea species studied. It appears to hold also for 
herring from surrounding sea areas, but differs 
markedly from the findings for cod from Canada and 
for several species from Australia. The differences 
are attributed to environment. The bulk of fish 
landed in Britain comes from distant waters 
and has been five to eighteen days in ice. During 
storage the flora changes. By the third to fourth 
day in ice the lag phase of bacterial growth has 
passed and by the tenth to twelfth day, the end of 
the log phase has been reached with counts in the 
region of 10? to 10° per cm." of skin or per gram of 
gill tissue. During this time pseudomonads increase 
steadily until they constitute 90 per cent of the flora 
and Achromobacter spp. about 5 per cent. 

After handling on shore the relative proportions in 
the bacterial load can alter considerably. This has 
been found in recent work on the commercial filleting 
process, in which shigellas and salmonellas have 
never been encountered during tests. Small numbers 
of true fescal coli have been found at the filleting 
stage, and coagulase-positive staphylococci found in 
30 per cent of fillets examined. However, the results 
are in accord with existing information on the 
incidence of food-poisoning caused by fish and show 
that fresh fish is one of the safest articles of diet in 
Britain. J. Davipson 


CONTROL OF THE PLANT 
ENVIRONMENT 


HE University of Nottingham held its fourth 
"Pie school in agricultural science during 
April 15-17, on “Control of Environment in Crop 
Experimentation’. Since the past century, physio- 
logists have been studying various aspects of plant 
growth under conditions in which one or more factors 
of the environment were controlled, but the possi- 
bilities of that approach were restricted by the 
difficulty of growing healthy plants for any length of 
time in artificial light. Within the past thirty years 
the introduction of many new types of electric lamp, 
with characteristics more suitable for plant growth, 
has made it possible to grow normal plants in opaque 
rooms even to maturity, under conditions where 
several environmental factors can be controlled 
simultaneously. 

A number of workers became interested in this 
approach, but the development of Dr. F. W. Went’s 
‘phytotron’ at the Earhart Plant Research Labor- 
atory, Pasadena, California, suggested new possi- 
bilities of providing a wide range of different controlled 
environments within a single installation. Interest 
grew in the use of environmental control for experi- 
mental work, and although there is nothing in Britain 
as elaborate as the Californian installation, a recent 
survey showed that some seventy university depart- 
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ments and research stations in Britain now have 
facilities for work in controlled environments (Univ. 
Nottingham Dep. Hort. Misc. Pub. 8). 

This approach offers attractive possibilities in 
several fields of research, ranging from fundamental 
aspects of plant physiology and genetics to applica- 
tions of immediate importance in plant breeding and 
agronomy. The wide interest in the field was shown 
by the attendance of two hundred scientists at the 
Easter school, including physicists, chemists, bio- 
logists, agronomists, horticulturists and engineers, 
all with a common interest in environmental control 
but looking at its problems from different points of 
view. A vigorous exchange of views between such 
various disciplines proved to be both stimulating and 
profitable. 

Three main themes dominated the proceedings, 
namely, the relation between the plant and its 
environment, methods of controlling the environment 
in experimental work, and the possible applications 
of environmental control in crop husbandry. 

Prof. 8. J. Wellensiek (Agricultural University, 
Wageningen) opened the school by discussing the 
plant and its environment in general terms, dis- 
tinguishing between variations caused by genetical 
factors, soil conditions and the aerial environment. 
After discussing the effects of the main individual 
factors, with special reference to shifts in temperature 
optima according to the phase of growth, attention 
was directed to important interactions between 
several of the factors, notably photosynthetic light 
and temperature, photoperiod and temperature, and 
soil-moisture and relative humidity of the air. 
Experiments on peanut plants under controlled con- 
ditions have revealed relations between weather 
factors which were hitherto unsuspected. For 
example, growth of stems and increase in number 
of flowers are closely linked with soil-moisture, 
optimal development being associated with con- 
ditions where the soil remains relatively moist. 
When soil is allowed to develop even moderately 
high moisture tensions between irrigations, rate of 
flowering falls off, but there is a rapid increase in 
the number of flowers two days after each application 
of water. Interactions have also been demonstrated 
between soil-moisture conditions and the relative 
humidity of the air, a high relative humidity giving 
best growth, especially during the first month. 

Attention then turned to detailed methods of using 
controlled environments in the study of plant 
behaviour. Dr. W. W. Schwabe (Research Institute 
of Plant Physiology, London) discussed the differ- 
ential effects of some environmental factors on plant 
development, instancing rates of differentiation of 
primordia and of leaf expansion as examples of the 
morphogenetic changes which are affected by factors 
such as temperature, day-length and intensity of 
illumination. Prof. E. C. Wassink (Agricultural 
University, Wageningen) placed the emphasis on 
plant growth, giving examples of the effects of 
various environmental factors on such diverse aspects 
of growth as the production of flowers in bulbous 
irises and the hearting of lettuce plants. A two-stage 
growth cabinet has been used for subjecting roots and 
shoots of a plant to different temperatures to study 
this interaction, which’ has wide implications in 
agronomy, since disharmony between soil and air 
temperatures is frequently the cause of depressed 
growth in crop plants. Prof. P. T. Thomas (University 
College, Aberystwyth) showed how controlled en- 
vironments could be used in plant genetics for the 
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study of the complicated interactions between geno- 
type and environment. A stage appears to have been 
reached where closer collaboration between the 
geneticist and the physiologist might be to their 
mutual benefit. 

Light, wind and water were then singled out for 
separate consideration as important factors, both of 
experimental and natural environments. Prof. R. H. 
Stoughton and Dr. Daphne Vince (University of 
Reading) discussed the physical attributes of light 
in relation to biological responses, taking the growth 
of a plant as an integrated function of the photo- 
synthetic and formative effects of the various spectral 
components of light, These effects are being studied 
under lights of different spectral composition, and 
data were given on leaf expansion, internode exten- 
sion and net assimilation under various light sources. 
Wind as a factor in plant growth was the subject of 
a paper by Dr. F. H. Whitehead (‘University of 
Oxford), whe gave an account of an investigation on 
the effects of wind on the growth of alpine plants 
under various exposure conditions on a mountain top 
in italy, and then described experiments under con- 
trolled air-speeds in a wind tunnel. Conclusions were 
drawn regarding the relation between results in the 
field and in the laboratory. The complexities of the 
plant/soil/water system were described by Dr. J. P. 
Hudson (University of Nottingham), who showed the 
limitations of using constantly moist soil conditions 
in experimental work, and the advantages of pro- 
viding plants with controlled but fluctuating moisture 
conditions. This requires a rigorous control of 
experimental conditions, but leads to the concept of 
dehnable and reproducible water-regimes, which 
appear to offer a sensitive technique for the study of 
plant responses to soil water. It became clear in all 
these papers that the meteorologist, ecologist, physio- 
logist and agronomist could also, with advantage, 
meet more often to exchange ideas based on their 
different. approaches to the same phenomena. 

Technical aspects of environmental control were 
the theme of two speakers. Mr. W. J. C. Lawrence 
(John Innes Horticultural Institution, Bayfordbury), 
discussing the glasshouse as an environment for 
plant experiments, appraised the possibilities of 
achieving a high degree of control of various factors, 
especially temperature, light and relative humidity. 
Several interesting suggestions were made for im- 
proving the efficiency of glasshouses used for experi- 
mental work, including the possibility of end-to-end 
ventilation instead of the traditional lateral method. 
The central problem is how to reduce gradients of 
environmental factors in both space and time. Mr. 
L. G. Morris (National Institute of Agricultural 
Engineering, Wrest Park) described problems involved 
in the design of growth rooms and cabinets used for 
plant experiments and appealed for more information 
on the tolerances which could be accepted in time 
and space. Many installations, designed without 
adequate data on their use or characteristics, are 
either much too elaborate for the uses to which they 
are put, or else will not provide the degree of control 
that is needed. Both faults, basic in the design of 
the equipment, lead to waste and frustration. 

In the final paper, concerning agronomical 
of environmental control, Prof. A. H. Bunting 
(University of Reading) was invited both ‘to trail his 
coat’ and peer into the future. This he most obligingly 
did, in a stimulating paper that concluded the pro- 
ceedings on @ high note of interest in the possibilities 
of increasing crop yields, even in the open, by slight 
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but carefully controlled changes in various factors of 
the physical environment. The fields offering the best 
prospects of striking improvements in crop yields 
appear to be the more efficient use of irrigation water, 
the application of nutrients by leaf sprays at critical 
stages in plant development, and the use of low. 
intensity irradiation to break the period of darkness 
and induce earlier flowering in some species. This 
should be coupled with imtensive breeding pro- 
grammes to develop varieties that can take maximum 
advantage of more carefully controlled environ- 
ments. 

In addition to the main sessions, two evening 
meetings were devoted to technical descriptions of in- 
stallations now being used for the control of environ- 
ment. Dr. A. M. M. Berrie (University of Glasgow) 
described the design and construction of the Earhart 
Laboratory, illustrating his account with a film lent 
by Dr. Went and his own transparencies. He also 
described Prof. R. Bouillénne’s installation at the 
University of Liége. In a prolonged discussion on 
the best policy to adopt in planning controlled 
experimental environments, the national advantages 
of having a small number of large, comprehensive 
and necessarily expensive ‘phytotrons’ were com- 
pared with having a much larger number of simpler 
and cheaper installations. The general opinion 
seemed to be that, at the present stage of knowledge, 
the advantage lay in the latter approach, which was 
likely to produce more results, more quickly, for a 
given total expenditure on capital and running costs. 
Several patterns of growth rooms were also described, 
together with relatively small and inexpensive 
growth cabinets, of elegant design, that are giving a 
high degree of precision of control of light, tem- 
perature and humidity. 

‘here were also about thirty demonstrations of 
equipment for the control of environment, instru- 
ments for measuring environmental factors and the 
effects of environment on plant growth. One of the 
limitations in work on environmental effects is that 
none of the light-sources at present available will 
give intensities approaching those which occur on 
bright summer days in Britain. Great interest was 
shown in several lamps of new design that should 
enable higher light intensities to be provided although, 
of course, their use will also increase the difficulties 
of keeping temperatures down to reasonable levels. 
There was also general interest in labour-saving 
equipment, such as automatically controlled devices 
for -blacking-out plants, reflecting the difficulties 
which workers often experience in operating controls 
at awkward hours and at the week-end. ‘he study 
of environmental effects is apt to become an operation 
extending over twenty-four hours per day, for seven 
days a week, and methods of automatic control are 
exercising many ingenious minds. 

Various practical applications of environmental 
control were demonstrated. A series of berry 
plants in all phases uf growth showed how the life- 
cycle could be shortened or lengthened at will, to 
provide plants in any phase of growth, at any time 
of year, irrespective of seasonal weather. This 
enables research on @ particular aspect to proceed all 
the year round and illustrates a use of controlled 
environments which is still only in its infancy. 
Various demonstrations showed the effects of environ- 
mental factors on the growth of potato, cucumber, 
lettuce, rhubarb and other plants, while a method 
was suggested of using emergence of seedlings as an 


indicator of environmental conditions in the soil. 
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Although this hard-working school only lasted for 
forty-eight hours, the growing interest in environ- 
mental control was amply demonstrated. It was 
generally felt that we have only just begun to realize 
the potentialities of this relatively new approach, 
which offers a wealth of possibilities in the study of 
plants and cultivation of crops. The’ proceedings 
will be published in full elsewhere. 

J. P. Hopson 
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NATIONAL RESEARCH DEVELOP- 
MENT CORPORATION 
REPORT FOR 1955-56 


HE report of the National Research Develop- 

ment Corporation* for the year ended June 30, 
1956, is again limited to a factual review. Govern- 
ment departments and research councils assigned 
patent rights in 153 cases compared with 135 in 
1954-55, twenty-three of the total of 200 coming 
from universities, three from industrial research 
associations and eight from charitable organizations. 
Of the 438 inventions communicated to the Cor- 
poration during 1955-56 (compared with 597 during 
1954-55), 171 were from Government departments 
and research councils, twenty from official organ- 
izations of the British Commonwealth, eight 
from industrial research associations, forty-nine 
from universities and 188 from private firms and 
individuals, 171 being British. Holdings of British 
and foreign patents and patent applications at June 
30, 1956, included 469 United Kingdom applications 
and 604 granted patents, 1,039 overseas patent 
applications and 773 granted patents. The accounts 
show revenue from exploitation of inventions 
amounting to £75,912, compared with £40,617 in 
1954-55 and and £28,857 in 1953-54. 

Of projects initiated in previous years, the report 
notes that the six big electronic digital computers are 
now complete and five have been installed, while the 
production prototype Pegasus computer has proved 
entirely satisfactory : eight of the nine ordered have 
been bespoken, and the Corporation proposes to 
reserve the ninth for its own use. Work was initiated 
on & project to pass direct to a transistorized all-core 
type of computer with massive tape storage and 
handling equipment, and also on a project on the 
use of an Elliott Brothers type 405 data-processing 
system for the inventory of engineering stores and 
the production control of complex equipment. This 
year’s harvest period is to be devoted to a study of 
the current performance of the Packman potato 
harvester as a guide to future policy. A much fuller 
evaluation of the performance of the burners under 
various conditions of preheat is contemplated in the 
acetylene synthesis project at the Imperial College of 
Science and Technology. Satisfactory progress is 
being made in the redesign of the stereoscopic motion 
picture camera to adapt it for high aspect (wide- 
screen) pictures, and the printed electrical circuits 
projects is now receiving industrial support. 

Among the new projects, the Corporation is sup- 
porting the development, in the Department of 
Electrical Engineering at the University of Man- 
chester, of a variable-speed squirrel-cage type 

* National Research Developm tion. Report and State- 


ent 
ment of Accounts for the year Ist See toes, to 30th June, 1956. 
Pp. 1i+16. (London: H.M. Stationery Office, 1957.) 1s. net. 
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induction motor, and the National Institute for 
Research in Dairying, with financial support from 
the Corporation, has developed a method for pre- 
paring a frozen milk which can be stored for at least 
twelve months without deterioration. Some financial 
support was also given to the National Institute of 
Agricultural Engineering for the development of a 
small potato harvester to fill the gap between the 
large combine machines and potato spinners and 
elevator diggers. The report gives a further list of 
licensed inventions being exploited by industry on a 
scale which supplies the Corporation with appreciable 
revenue. now include the production of 
hecogenin from sisal, the weedkillers derived from 
phenoxybutyric acid, the Royal Aircraft Establish- 
ment fire and heat detector for aircraft, and the 
insecticidal bomb invented at the Chemical Defence 
Experimental Establishment of the Ministry of 
Supply. 


BREEDING BEHAVIOUR OF 
CICHLIDS 


LTHOUGH the breeding behaviour of cichlid 

fishes in aquaria has been studied by several 
authors, very little is known about their behaviour 
in natural waters. A paper by A. H. Lowe presents 
results from field studies on the breeding behaviour 
of I. karomo Poll and T. variabilis Boulenger 
(Behaviour, 9, No. 2-3; Leyden, 1956). 

Tilapia species can be divided into three groups 
according to differences in their breeding behaviour : 
‘guarders’, ‘male mouth-brooders’ and ‘female mouth- 
brooders’. Both the species considered by Lowe are 
‘female mouth-brooders’. 

Breeding males of 7. karomo congregate on the 
spawning grounds and each male establishes a 
territory wherein he prepares a nest. The males 
have a brightly coloured breeding dress, including a 
long genital tassel ; they are slightly larger than the 
females, which are less brightly coloured. The nests 
are plaques of clean sand, often raised on mounds ; 
nest cleaning is carried out by the male by ‘mouthing’, 
‘nosing’ and ‘fanning’. Lowe also describes the other 
activities of the male before and between spawnings. 
Females cruise over the spawning grounds singly or 
in small shoals; the male swims out to meet them 
as they enter his territory, turns and leads back to 
the nest. Often there is very little pre-spawning 
display and spawning may be complete in two to 
five minutes. After laying, the female collects the 
eggs in her mouth and leaves the spawning ground ; 
the male remains in his territory and immediately 
starts courting other females. TJ. karomo females 
stay among the water-plants when brooding. They 
probably have three or four broods in succession ; it 
is not known for how long the young are brooded. 

The breeding behaviour of 7’. variabilis m Lake 
Salisbury (Uganda) was investigated and was found 
to be very similar to that of T. karomo. 

Discussing the similarities and differences in 
behaviour between 7’. karomo and T'. variabilis, Lowe 
describes how 7. variabilis. has a distinct piebald- 
and-orange colour form; nearly all these piebald 
fish are females. ‘Normal’ males must, it seems, 
breed with these. 

The areas which are suitable for spawning may be 
determined by the nature of the bottom and by the 
availability of dissolved oxygen. Young 7’. karomo 
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live in shoals; they ‘skittered’ at the surface near 
the spawning ground, and this may indicate that the 
oxygen content of the water was low at times. 

The long genital tassel which is present in T. 
karomo and T. variabilis is not glandular; it may 
serve to attract the attention of the female by 
emphasizing movements and increasing the apparent 
size of the male. 

Lowe examines problems raised by aquarium 
studies in the light of field observations. The long 
pre-spawning display in 7’. mossambice in aquaria as 
opposed to the rapid spawning of 7’. karomo in the 
field may be due to specific differences and not to 
aquarium conditions. ‘Surface territories’ present in 
aquaria were never seen in natural waters. 

In ‘guarder’ species of Tilapia the territory is used 
both for spawning and for the protection of the 
young. In mouth-brooders the spawning ground 
provides a well-advertised meeting place for ripe fish. 

The continuous succession of broods produced in 
aquaria is probably due to the confined conditions 
which make it impossible for the females to segregate 
from the males after spawning. 


METEORIC DUST AS A SOURCE 
OF FREEZING NUCLEI 


G. BOWEN described in an article in Nature 

. (177, 1121; 1956) his hypothesis that ‘freezing 
nuclei’ in the atmosphere are largely meteoric dust. 
This, if correct, would be most important for our 
understanding of the formation of rain. He gave 
some evidence that periodic meteoric showers are 
followed thirty days later by a world-wide increase 
in precipitation which he regarded as produced by 
the meteoric dust fallmg to the troposphere. The 
evidence has not been wholly accepted by meteorol- 
ogists. 

Arrangements were made for sampling of freezing 
nuclei in January 1956 in Australia, South Africa 
and California, and the results are published in a 
series of papers in the issue of the Australian Journal 
of Physics for December 1956, by Bowen himself, 
E. K. Bigg, K. J. Heffernan (of the Radio Physics 
Division, Commonwealth Scientific and Industrial 
Research Organization), R. N. Bracewell (Stanford 
University, California) and S. C. Mossop, A. E. Carte 
(South African National Physical Laboratory, 
Pretoria). 

The sampling by E. K. Bigg in Western Australia was 
at ground-level in marine air with a long track over 
the Indian Ocean. Distinct maxima were found on 
January 13, 22 and 29. These dates almost coincide 
with those laid down earlier by Bowen as coming 
thirty days after the occurrence of periodic meteor 
showers. It is shown that the peaks are not due to 
sea-salt nuclei because of great differences in. the 
freezing nuclei content on January 13 and 16 with 
a 20-30 knot wind off the sea on both days. At Palo 
Alto, California, peaks in the concentration occurred 
on January 13 and (less marked) on January 21 but 
there was none at the end of the month. 

The South African observations were made in the 
mornings over Pretoria (4,500 ft. above sea-level) at 
20,000 ft., 10,000 ft. and 5,300 ft. above sea-level. 
Here high concentrations were measured on January 13 
and 29 but not about January 22. There was a 

less marked than those of January 9 and 29, at 
10,000 ft. Aircraft observations were also made at 
Sydney, New South Wales, but gave no marked peaks. 
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Summarizing the observations of January 1954, 
1955 and 1956, Bowen claims that even if every peak 
does not always appear everywhere, what peaks 
there are occur at all sampling places at the dates 
he requires. 

In another paper in the same issue of the Australian 
Journal of Physics, Bowen deals with the 300-year 
record of the first occurrence in a winter of snow 
cover at Tokyo and a 10-year record of cirrus cloud 
in Western Australia. He gives a diagram showing 
for December 1955 and January 1956 the concen- 
trations of freezing nuclei at ground-level in Wester: 
Australia, the frequency of occurrence of cirrus cloud 
at six stations in Western Australia over ten years, 
and the frequency of occurrence of the first snow 
cover in Tokyo on each day in December and January. 
All three show similar curves with peaks about the 
same time. 

One of the peaks occurs at the end of December 
and this is lmked by Bowen with the Bielid meteoric 
showers, which occurs at the end of November every 
six or seven years. A table of the years between 
1672 and 1905 in which Biela’s Comet and meteors 
were seen, and on which snow covered the ground 
for the first time at Tokyo on December 29, 30 or 31, 
is given. There are many gaps and the years corre- 
spond exactly only once, but Bowen shows the Tokyo 
first snow cover occurrence dates also have a similar 
period. G. A. BULL 


LOBACHEVSKY’S CONTRIBUTION 
TO PHILOSOPHY 


HE significance of Lobachevsky’s geometry in 

philosophy has been discussed by Prof. E. 
Kolman (Soviet Science, 3, No. 4; December 1956). 
Lobachevsky found it necessary to make a critical 
re-evaluation of Euclid’s geometry and construct a 
new non-Euclidean geometry. Afterwards he put 
forward the theorem that on a plane surface it was 
possible for at least two straight lines which did not 
intersect a given straight line to be drawn through a 
point. At first Lobachevsky’s ideas were derided, 
and it was later, twelve years after his death, when 
the Italian Beltrami found a visual interpretation of 
Lobachevsky’s planometry, that his ideas were 
accepted. According to Kolman, Lobachevsky’s dis- 
covery led to the beginning of a new historical period 
in the development of mathematics, which attained 
@ higher degree of abstraction and was transformed 
from the science of variable magnitudes to the 
science of variable relations—of ‘algebras’, abstract 
spaces, functional analysis and so on. As @ result, 
logic received new stimulus and direction, with the 
consequent development of mathematical logic and 
physics. 

Lobachevsky was able to break with traditional 
ideas and to adopt a point of view which revolution- 
ized science, because he based himself firmly on a 
materialist view of the world. Spatial forms and 
their laws are established, in his view, from the 
movement of material bodies, which exist inde- 
pendently of consciousness. 

To develop his geometry, which differed from 
Euclid’s, Lobachevsky had to reject his previous 
metaphysical views on points, lines and plane surfaces 
as properties of physical bodies, and had to admit 
that geometric forms are only abstractions, although 
they are derived from spatial relations in the material 
world. 
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POSTGRADUATE SCHOOL OF APPLIED DYNAMICS AT THE 


UNIVERSITY OF EDINBURGH 


| is characteristic of modern technology that, 
I while it calls for an ever-increasing number of 
graduates who have undergone a wide general 
training in engineering, it calls in addition for a 
limited number of specialists with a deep knowledge 
of the theory and techniques of some particular field 
as well as a wide general knowledge of engineering. 
With curricula already overcrowded, undergraduate 
courses cannot—and should not—produce these 
specialists, and the need is being met by the founding 
of postgraduate schools within the universities, each 
dealing with some particular field. 

The Postgraduate School of Applied Dynamics has 
been planned within the Department of Engineering 
at the University of Edinburgh with this need in mind. 
The subject of ‘applied dynamics’, which has been 
defined as ‘the study of solids in motion’, may appear 
to be restricted, but modern developments in high- 
speed machinery, control systems and inertial navi- 
gation—to take a few examples—have emphasized 
the need for the practical application of advanced 
theory and techniques in this subject. 

Thus the main function of the Postgraduate School 
of Applied Dynamics is to be its diploma course, for 
which graduates in mathematics and physics, as well 
as engineering, are eligible ; the first course will last 
from October 1957 until June 1958. There are to be 
formal lecture courses on the fundamental mechanics 
of solids and relevant analytical methods and on 
their application to vibration problems, control 
systems and the dynamics of gyroscopes, as well as 
other related subjects. Often advanced published 
work in these subjects is not easily available or 
assimilable, and one of the aims of the course will be 
to present such work with emphasis on practical 
applications. Moreover, in addition to his attendance 
at the lecture courses, each student will undertake a 
limited research investigation in a field of applied 
dynamics related to his particular interests. The 
Engineering Department has a good library, and its 
content of books and periodicals pertaining to applied 
dynamics is being increased. 


The course should be of particular value to men 
who are already in industry or in research organiza- 
tions and so have some knowledge of the problems 
likely to confront them, although new graduates will 
also be accepted. It is believed that the interchange 
of ideas between students of different industrial back- 
grounds will be a most valuable feature of the course. 
The difficulty of releasing men of the right calibre is 
appreciated, but it is hoped that the long-term 
advantages of doing so will be apparent. 

British industry has contributed £20,000 to 
endow the new School at Edinburgh, which is 
to be accommodated at first within the existing 
engineering building. A large extension to the 
Department of Engineering is planned and accom- 
modation in it has been allocated to the School, so 
that it will be possible to use industry’s donation 
mainly for equipment. There is a small full-time 
teaching staff, but lectures will also be given by 
other members of the Department, and in particular 
by members of the existing Postgraduate School of 
Electronics and Radio, as the two Schools have sub- 
jects of common interest. The staff of the Electronics 
School will also be available for advice on problems 
of electrical measurement and instrumentation. 

Research on dynamical problems has been con- 
ducted under Prof. R. N. Arnold in the Engineering 
Department for some years, and out of this the new 
School has grown. With the increase in the number 
of staff interested in dynamical problems and, it is 
hoped, a corresponding increase in research students, 
the scope and volume of research in applied dynamics 
should grow. This previous research experience forms 
a base on which to build the school and has helped 
in the planning of the new lecture courses. These 
courses must be sufficiently flexible to cover the 
requirements of students from various industries, 
and naturally requirements will change as the subject 
advances, but it is thought that the syllabus as 
planned contains topics that are directly relevant to 
the dynamical problems of many different branches 
of industry. G. B. WaRBURTON 


ELECTRICAL METHOD FOR DETECTION OF EARLY CANCEROUS 
GROWTH OF THE SKIN 


By Pror. N. MELCZER and Dra. J. KISS 
Department of Dermatology and Venereology, University of Fécs 


Cy passing a direct current by means of non- 

polarizing electrodes through living tissue the 
charge of the Helmholtz double (opposite potential) 
layer is probably increased at cell junctions. In 
addition, diffusion potentials will arise because the 
cell membrane is not uniformly permeable to every 
ion and because the ions have different mobilities. 
As a result the system builds up a counter electro- 
motive force due to polarization which will diminish 
the effective d.c. voltage. Because of the generation of 
a polarization countercurrent the resistance of normal 


skin is apparently high. But this is not a true ohmic 
resistance and it has therefore been called a ‘pseudo- 
resistance’. While studying electrodermatograms, 
that is, pseudo-resistances induced in different skin 
conditions, it has been found that the polarization 
countercurrent of dermal cancers in living persons 
fails to appear or cannot be obtained in its full 
strength, a phenomenon which can be demonstrated 
with @ microammeter. 

As early as 1918, Clowes! claimed that, in general, 
malignant tumours show a lower electric resistance 













than do normal tissue. Waterman’, using an audion 
tube variometer device, found that in excised tumour 
tissue the electric resistance against Ringer’s solution 
is reduced in relation to normal tissue. 

Studying mouse cancer, either transplanted or 
induced by treatment with cancerogenic agents, Burr 
et al.* have found that such cancers were always 
negatively charged. This finding, however, could 
not be corroborated by Burrows‘ and his associates. 

Later, Langman and Burr have claimed® that the 
presence of cancer in the uterine cervix could be 
detected by electric measurements. According to 
those authors, a polar reversal of the field between 
the cervix and the ventral abdominal wall has been 
found in malignancy. In these studies the reference 
electrode was placed on the ventral abdominal wall 
and the vaginal electrode was introduced against the 
cervix. Afterwards, Dalgaard and Thygesen* were 
unable to show that more than 30 per cent of malig- 
nant lesions have associated negative potential 
differences from the cervix to the ventral abdominal 
wall. Recently, Williams et al.? have re-examined the 
investigations of Langman and Burr, by a galvano- 
meter null-point reading method. They concluded 
that it is impossible to demonstrate a real cor- 
relation of bicelectric potential differences in various 
processes associated with the female genital tract by 
the above-mentioned method and that such determ- 
inations cannot be relied upon for cancer detection. 

According to Keller*, the human skin can be 
looked upon as being a negatively charged membrane 
and, as such, is impermeable to anions. However, 
the potential of the skin will be altered even by 
minor injuries. Keller also believes that the site of 
injury is permeable for cations and anions alike and, 
as compared with normal skin, the injured area is 
less negative, or, in other words, relatively more 
positive. 

According to our investigations the increase in 
permeability induces an increased positive potential 
in the injured area, that is, the surface of the can- 
cerous growth is less negative than is its normal 
environment. In this way, by the use of a modern 
electric measuring device, it is possible to demon- 
strate the transformation of the normal epidermis 
cells into cancerous ones. 

We used non-polarizing, copper—-copper sulphate 
electrodes, connected, not directly, but by means of 
a salt bridge of 1/10 N potassium chloride solution 
in gelatin gel; and a microammeter with electronic 
amplifier. A d.c. source served as an anode 
battery. 

in making measurements we put the negative 
electrode on the palm of the patient’s hand, and the 
other electrode on the affected area. After determ- 
ining the potential of adjacent normal tissue, or of 
normal tissue on the opposite side of the body, the 
potential of the pathological lesion was measured, 
often several times in succession. The potential of 
the normal areas was taken as zero. 

Each of the 76 basal cell cancers examined ex- 
hibited potentials varying from 20 to 25 mV. 
Similar values were obtained for 6 spinobasocellular 
and 19 spinocellular cancers. In four cases in which 
basal cell carcinoma of the skin had been diagnosed 
clinically, the permeability was found to be un- 
changed. Subsequent histological study proved the 


clinical diagnosis wrong and the electrogram right. 
Five cases, believed to be senile keratoma, showed 

reduced pseudo-resistance and, later, intraepidermal 

squamous cell cancer was detected at histological 
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examination. Another eight cases of senile keratoma 
gave negative results, both electrographically and 
histologically. Of the four cases of erythroplasia three 
gave positive results, and the fourth was negative. The 
latter showed on histological examination a pattern 
similar to that of plasmocellular balanitis of Zoon, 
without malignancy. One case of cubocellular cancer 
was found to give positive results. Without exception, 
all the seventy cases of verruca senilis showed 
negative results (— 0-5 to + 1-5 mV.), as did twenty 
cases of fibroma, and thirty cases of oral leukoplakia 
proved to be negative. The seven cases of carcinoma 
of the uterine cervix examined were positive (20- 
40 mV.) without exception. The number of cases is, 
however, so small that no final statements can be 
made until more cases are collected. 

It is well known that the pseudo-resistance of the 
skin is not quite the same in different regions of the 
body. Moreover, it depends on environmental factors 
(weather, atmospheric pressure) and is influenced 
among others by sex, constitution, season of the year 
and time of day. 

In three cases both the pseudo-resistance of the 
normal skin in different regions of the body and that 
of dermal cancers were measured at every third 
hour during three days. No significant change in 
the pseudo-resistance of the skin in different times 
was found, either in normal areas or in malignant 
skin lesions. 

In the earlier investigations of Keller*, a decrease 
of the pseudo-resistance of skin was observed in 
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scars, in psoriasis, eczema and trichophytosis lesions. 
We have studied the degree of pseudo-resistance in 
different skin lesions on several hundred patients, 
but we have never found larger values than 2-3 mV. 
in epithelioma-like lesions (keratoma senile, verruca 
senilis, soft and hard moles, ete.) which may be con- 
fused clinically with malignant growths; on the 
contrary, in malignant tumorous growths arising 
from the epidermis we observed a large decrease of 
pseudo-resistance. In cases of intraepithelial cancer 
of the skin (Paget disease of the nipple, Bowen 
disease, Queyrat’s erythroplasia) decrease in pseudo- 
resistance of 5-15 mV. were found. The different 
forms of malignant epithelial neoplasms (basal cell, 
basal squamous cell, and squamous cell cancers) 
elicited a large decrease of pseudo-resistance, and we 
have observed in every case values greater than 
20 mV. 

The method cannot be applied, of course, to eroded 
or ulcerated areas, because the injury potential will 
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increase permeability even in the absence of malig- 
nant growth. 

On the basis of this work, it is emphasized that the 
measurement of electric potential by the technique 
described has been proved to be a useful method for 
the early detection of malignant growth. In cases of 
cutaneous cancer we have gained the impression that 
in any kind of precancerous state the onset of malig- 
nancy is unmasked by the large decrease of pseudo- 
resistance of the focus. 


1 Clowes, H. A., J. Proc. a, Exp. Biol. Med., 15, 107 (1918). Clowes, 
H. A., and Frisbie, W. 8., Amer. J. Physiol., 14, 178 (1905). 

* Waterman, N., ogee a 188, 535 (1922). 

* Burr, H. 8., Smith, G. H., coe Strong, L. C., Yale J. Biol. Med., 12, 
7i1 (1940) ; 10, 539 (1938). 

* Beeman Roe, E. M. F., and Schober, B.. Cancer Res., 5, 524 
(1945 

* Langman, L., and Burr, H. 8., Amer. J. Obst. Gynec., 57, 274 (1949). 

* Dalgaard, S., and Thygesen, J. E., Acta Radiol., 34, 488 (1950). 

8 Made 073) J. H., Farrow, R., and Barnes, A. C., Cancer Res., 8, 558 
ql > 

* Keller, Ph., Arch. f. Dermat., 197, 12 (1954). 


TURNOVER OF PROTEIN IN STARVED BACTERIA AND ITS 
RELATIONSHIP TO THE INDUCED SYNTHESIS OF ENZYME 


By Dr, J. MANDELSTAM 
National Institute for Medical Research, London, N.W.7 


T is usually assumed that, when bacteria grow 
exponentially in a medium of constant com- 

position, a steady state is reached in which any 
particular protein is synthesized as a constant fraction 
of the total protein, and most models of bacterial 
growth are based upon this premise+*, In a changing 
chemical environment this relationship may cease to 
hold and, instead, a relatively large increase may 
occur in one or two proteins with little or no increase 
in the other proteins. A classic example occurs when 
Escherichia coli is grown in @ medium containing 
both glucose and lactose. The glucose is used 
exclusively until it is finished, whereupon growth 
stops abruptly and then, after a lag period, begins 
again at the expense of the lactose*. During the 
period separating the two phases of growth there is 
appreciable synthesis of {-galactosidase (lactase), 
which Rickenberg and Lester‘ called preferential 
synthesis because it took place without any con- 
comitant increase in the total protem. Probably 
similar is the adaptive lag that occurs when coliform 
bacteria are transferred from a medium containing 
amino-acids to one containing ammonia as the only 
source of nitrogen. 

The preferential synthesis of B-galactosidase can 
be made to extend over a longer period if the net 
synthesis of protein is prevented by using nitrogen- 
starved bacteria or by omitting an essential amino- 
acid. The failure of previous workers* to obtain 
synthesis of the enzyme in such starved bacteria was 
due to the presence of succinate which, we have 
found, is an inhibitor of B-galactosidase synthesis in 
starved, but not in growing, bacteria. Fig. 1 shows 
typical synthesis of B-galactosidase by a leucine- 
requiring strain of HZ. coli which had been starved of 
leucine, washed, and suspended without leucine or 
ammonia or an energy source; the inducer was 
methyl-thio-galactoside, which the bacteria cannot 
utilize. Almost identical results have been obtained 


using a wild type (M130), starved of nitrogen. The 
level of enzyme reached in 3 hr. was usually 15-30 
per cent of that found in a culture fully adapted by 
growth in lactose medium. The effect was abolished 
by agents which prevent protein synthesis, such as 
chloramphenicol, azide and 2.4-dinitrophenol. 

The most likely source of material for the synthesis 
of the enzyme is the free amino-acid pool, the exist- 
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ence of which has been confirmed in a number of 
independent investigations’. Now, since the pool 
constitutes only about 1 per cent of the bacterial dry 
weight‘, the preferential synthesis of B-galactosidase 
may be explained in one of two ways: either (a) the 
bacteria have some means of channelling protein 
synthesis into particular pathways so that the 
8-galactosidase forms a larger proportion of the total 
protein synthesized than it does in growing bacteria ; 
or (6) protems are continuously degraded to free 
amino-acids and then re-synthesized in the same 
relative proportions that characterize the growing 
cell. To explain the fact that the level of B-galacto- 
sidase reached in 3 hr. is 15-30 per cent of a fully 
adapted culture we would have to assume that the 
amount of material passing through the pool is of 
the same order, that is, 5-10 per cent of the protein 
per hour. This value is greatly in excess of that 
reported for protein turnover in growing suspensions 
by earlier workers’»*, who concluded that the proteins 
of E. colt were remarkably stable. However, Koch 
and Levy® found that during the first two hours of 
growth there was turnover of an amount of material 
equivalent to about 2 per cent of total bacterial 
protein. 

Experiments have been carried out to compare the 
rate of breakdown of protein in growing and non- 
growing suspensions of Z. coli, and an attempt has 
been made to estimate the magnitude of turnover in 
resting suspensions by independent measurement of 
the rate of synthesis and the rate of breakdown. 


Rate of Synthesis of Protein in Non-growing 
Bacteria 
Synthesis of protein was measured by the incor- 
poration of glycine-1-*C. Net synthesis of protein 
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was prevented by the use of a leucine-requiring 
strain which had been starved of leucine by incubation 
for 20 min. with glucose and ammonium salts. This 
procedure exhausted residual leucine so that there 
was no measurable growth during the rest of the 
experiment. The bacteria were washed to remove 
ammonium salts, suspended in phosphate buffer 
(pH 7) with glucose or succinate and an excess of 
labelled glycme. Protein synthesis and consequent 
incorporation of labelled glycine from the free amino- 
acid pool was therefore made to depend upon the 
leucine liberated through protein catabolism. Protein 
was precipitated by trichloracetic acid, hydrolysed 
with 6N hydrochloric ac:d and glycine isolated 
by paper chromatography using m-cresol as 
solvent. The specific activity of the glycine was 
measured and used to calculate the proportion of 
glycine in the protein that had been replaced. To 
allow for mechanical contamination, and also for 
possible incorporation by direct exchange, the experi- 
ment was done in the presence and absence of 
chloramphenicol (20 zgm./ml.). The rate of replace- 
ment of glycine was 9 per cent in 2 hr. (Fig. 2), and 
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this was almost completely prevented by chlor. , 


amphenicol. An almost identical result was obtained 
with an arginine-requiring strain of bacteria under 
similar conditions. When the bacteria were starved 
of carbon instead of nitrogen the rate of synthesis 
was slightly reduced. 


Rate of Breakdown of Protein in Growing and 
Non-growing Bacteria 


In these experiments the leucine-requiring mutant 
was grown with leucine-1-**C from a small mnoculum 
so that the leucine of the protein was almost com- 
pletely (98 per cent) labelled. The bacteria were 
then washed and suspended in buffer with glucose 
and an excess of leucine-*C (300 pgm./ml.) to trap 
any labelled leucine released from protein. This was 
the non-growing suspension. To measure breakdown 
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in growing bacteria a similar flask was set up with 
ammonium salts in addition to leucine and glucose. 

The leucine in the supernatant fluid was adsorbed 
on @ cation exchange resin (‘Zeo-Karb 225’), eluted 
with ammonia, and isolated on paper using tertiary 
amyl alcohol. The amino-acid was eluted from the 
paper and the amount of leucine that had been 
trapped was determined by measurement of the 
radioactivity. 

Considering first the results obtained with non- 
growing bacteria, we find that the rate of breakdown 
measured by release of leucine is 5 per cent per hour 
for the duration of the experiment (Fig. 3). This is 
virtually the same as the rate of synthesis measured 
by the incorporation of glycine, and thus indicates a 
balanced degradation and re-synthesis of protein in 
non-growing bacteria. From the rate of these pro- 
cesses it is clear that sufficient material passes through 
the free amino-acid pool to account for the increase 
in §-galactosidase without postulating any special 
mechanism for diverting protein synthesis to this 
enzyme. 

In the growing bacteria it will be seen that only 
about 4 per cent of the protein broke down, and this 
occurred largely during the first 60 min. of the 
experiment when the full growth-rate was not yet 
established. This may not represent a real difference 
in catabolism between growing and non-growing 
bacteria, but may be due to a less efficient equi- 
libration between external and internal leucine in the 
former. Nevertheless, the result is in good agreement 
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with that obtained by Koch and Levy*, who used an 
entirely different method. 

It is not possible at this stage to say whether the 
observed catabolism of protein in starved bacteria 
occurs in all the cells or only in a proportion of them, 
nor whether all proteins are involved in the process. 
However, it is clear that turnover occurs at a rate 
high enough to allow fairly extensive synthesis of 
enzymes in a short time, so that the bacteria are far 
more adaptable to changes in the chemical environ- 
ment than they would be if their proteins were stable. 

The inability to demonstrate turnover of protein 
in growing bacteria has led to the suggestion that 
there may be no intracellular turnover of protein in 
mammalian cells*. From the present results it seems 
that it may not be valid to extrapolate from bacteria 
in full exponential growth to mammalian cells, the 
rate of growth of which is so very much slower. 


1 Hinshelwood, C. N., “Chemical Kinetics of the Bacterial Cell” 
Clarendon Mandelstam, 


( ” Oxford, 1946). J., Biochem. J., 
51, 674 (1952). 

* Monod, J., oa, A . M., and Cohen-Bazire, G., Biochim. 
Biophys. A cla, 9, 648 (1952 ). 


* Monod, J., Ann. Inst. Pasteur, 71, 37 (1945). 
‘ Rickenberg, H. V., and Lester, ve rf — Mtecrobiol., 13, 279 (1955). 


*Proom, H., and Wolwod, A A. Microbiol., 3, 319 (1949). 
Mandelstam .J., Int peat. re 61 BOS? »Britten, R. J., 
, KR. B., and f ny E. F., Acad. Sci., 


Roberts. 
41, 863 (1955). 
* Mandelstam, J., Biochem. J., 64, 55P (1956). 
* Rotman, B., and Spiegelman, 8., J. Bact., 68, 419 (1954). 
e Bogen 3° Cohn, M., and Monod, J., Biochim. Biophys. Acta, 16, 
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MODE OF ACTION OF ALKYLATING AGENTS: FORMATION OF 
S-ETHYLCYSTEINE FROM ETHYL METHANESULPHONATE 
IN VIVO 


By Dr. J. J. ROBERTS and Dr. G. P. WARWICK 
Chester Beatty Research Institute, Fulham Road, London, S.W.3 


HE growth-inhibiting alkylating agents such as 
the sulphur- and nitrogen-mustards, dimesyloxy 
esters (cf. ‘Myleran’'), epoxides, and ethyleneimines 
have been shown to react in vitro with a variety of 
compounds such as amino-acids, proteins and nucleic 
acids, and to inhibit certain enzymes*; however, 
while work has been done on the fate of some of these 
compounds*-*, little appears to be known about the 
precise nature of the metabolic products formed in 
vivo. In this connexion we wish to report the pre- 
results of studies which are being carried 
out at this Institute to determine the mode of action 
of cytotoxic agents. In the first instance we studied 
the metabolic fate of ethyl methanesulphonate 
(CB. 1528) (1), one of a series of cytotoxic alkylating 
agents studied by Haddow and Koss‘. It has been 
shown to have some inhibiting effect on the growth 
of the transplanted Walker rat carcinoma 256 * and 
to cause mutations in Drosophila melanogaster 
(Fahmy, O. G., personal communication). It was 
regarded, therefore, as having properties sufficiently 
typical of the biological alkylating agents to warrant 
the present study. 


CH,.SO,.0.C,H, 
7) 





Although the bifunctional alkylating agents nor- 
mally manifest some of their typical biological effects 
at approximately 1/50 the concentration of the 
monofunctional compounds’, it was felt that the 
number and complexity of reactions which they 
could undergo in vivo would prevent a facile determ- 
ination of the nature of the metabolic products 
formed. It is reasonable to suppose, however, that 
the monofunctional alkylating agent chosen for these 
studies would undergo the same initial metabolic 
reaction as the difunctional ones. 

4C-Ethyl methanesulphonate, labelled on the 
a-carbon atom (synthesized by Dr. V. C. E. Burnop 
working in Prof. J. A. V. Butler’s department), was 
injected intraperitoneally in arachis oil into healthy 
and tumour-bearing seven-week-old male Wistar 
rats, and three consecutive twenty-four hour samples 
of urine were examined using the techniques of paper 
chromatography with subsequent autoradiography 
of the paper chromatograms, and ion-exchange 
chromatography. 12 per cent of the total radioactivity 
was excreted within the first 24 hr., and 4 per cent 
during the next 48 hr. Negligible quantities were 
excreted from then on. This radioactivity is asso- 
ciated with new compounds, since any unreacted drug 
or volatile material present in the urine would not 
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be detected by the counting methods so far em- 
ployed. 

Traces of the radioactive material excreted in the 
first twenty-four hours were shown to be incorporated 
into the amino-acids serine, alanine, and arginine, 
and into urea. It seems likely that radiocarbon was 
incorporated into these compounds following hydroly- 
sis of the drug into ethanol, which was then involved 
in biosynthetic reactions. This view was confirmed 
by autoradiography of paper chromatograms of urine 
from rats injected with radioactive ethanol equivalent 
in amount to that which would theoretically be 
liberated by hydrolysis of all the injected drug. 
Radioactivity was found only in amino-acids and 
urea. 

The bulk of the radioactivity was shown by auto- 
radiography of one-dimensional paper chromatograms 
to be present in two sulphur-containing acids, one of 
which is S-ethyl-N-acetyleysteine (II; R=COCH,) 
and the other possibly the keto acid (III)*. Auto- 
radiography of two-dimensional chromatograms of 
urine hydrolysed with acid indicated that almost all 
the radioactivity was embodied in S-ethylcysteine 
(Il; R=H). The identity of this compound was 
established by its Ry value in four solvent mixtures, 
its decomposition with hot alkali, and its behaviour 
on ion exchange resin and deactivated charcoal 
columns, in which respects it was identical with an 
authentic sample of S-ethylcysteine. 


C,H,.S.CH,.CH.COOH (,H,S.CH,CO.COOH 
NHR 
(iD (III) 


Two other faint areas of radioactivity which gave 
brown colours with ninhydrin in the presence of 
dicyclohexylamine were also present on this chromato- 
gram. These areas appear to be identical with two 
such new brown spots which appeared on a similarly 
obtained chromatogram of urine from rats injected 
with unlabelled S-ethylcysteine, and may therefore 
be presumed to be derived from it, possibly by a 
transethylation reaction. 

No evidence has been found for the presence in 
the urine of labelled carboxylic or phosphoric esters, 
or alkylated amines (amino-acids, purines, etc.), which 
would be formed if the drug reacted with acids or 
amines in vivo. However, the possibility of their 
being formed is not precluded, since they could be 
further metabolized prior to excretion. 

The formation in vivo of S-ethyl-N-acetyleysteine 
(ethyl-mercapturic acid) from ethyl methanesul- 
phonate is the first demonstration of the formation 
of mercapturic acid from an aliphatic compound. 
Previously mercapturic acids have been shown to 
be formed from a variety of aromatic compounds 
such as the halogenobenzenes and the hydrocarbons 
anthracene and naphthalene*. ‘The importance of 
the formation of mercapturic acid from a cytotoxic 
compound is difficult to assess until some of the 
more obvious experiments have been carried out. 
Ethionine (S-ethyl-homocysteine) has been shown 
to inhibit tumour growth’, possibly because of its 
ability to inhibit transmethylation reactions* and 
to interfere with protein synthesis'*. In consequence, 
the tumour growth-inhibiting properties of S-ethyl- 
cysteine and other S-substituted cystemes which 
could be formed from other cytotoxic compounds is 
being studied by Prof. A. Haddow, of this Institute. 

Work is being continued to determine whether 
S-ethyleysteine is formed only from exogenous 
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cysteine, or whether reaction with tissue sulphydry] 
groups is implicated"*, and possibly responsible for 
the observed biological effects. Reaction with tissue 
sulphydryl groups is likely to occur on the basis of 
the reaction demonstrated between other alkylating 
agents, such as the sulphur mustards, and protein 
sulphydryl groups under physiological conditions". 

Studies with other unlabelled cytotoxic compounds, 
namely, methyl methanesulphonate (CB. 154\), 
chloroethyl methanesulphonate (CB. 1506), 1: 4- 
dimesyloxybutane (‘Myleran’) and p-N,N-di-2’. 
chloroethylaminophenylbutyric acid (CB. 1348), are 
in progress. Preliminary results have shown that in 
some cases additional sulphur-containing compounds 
are excreted in the urine. 

Further consideration of the above finding could 
provide an explanation for the remarkable biological 
effects exhibited by the closely related drug chloro. 
ethyl methanesulphonate (CB. 1506) IV. It strongly 
inhibits the growth of the transplanted Walker rat 
carcinoma 256 * and is atypical of mesyloxy compounds 
in its mutagenic effects on Drosophila melanogaster’. 
Reaction with cysteine in vivo in an analogous 
manner with that found in the case of CB. 1528 should 
in the first instance give S-chloroethylcysteine (V) 
(or a derivative), a monofunctional sulphur mustard. 
Full details of this work will be published elsewhere. 
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CLCH,.CH,.0.50,.CH, Cl.CH,.CH,.S.CH,.CH.COOH 
NH, 
(TV) (Vv) 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


A Self-reproducing Analogue 

Tue most striking peculiarity of living organisms 
is their property of self-reproduction. The most 
elementary forms, virus or phage particles, can 
reproduce themselves in favourable circumstances 
only, and this principle applies also to the multiplica- 
tion of nucleic acid complexes in chromosomes. It is 
sometimes thought that the self-reproducing proper- 
ties of nucleic acid depend upon its highly complex 
structure. Consequently, any mechanical analogue 
for self-reproduction would involve very intricate 
mechanisms. ‘This does not seem to be so, and the 
device described here has the critical reproductive 
property although it is of the simplest character. — 

A flat material, such as plywood or vulcanite, is 
cut into pieces with shapes corresponding to A or B 
drawn to scale in Fig. 1. These objects are placed on 
a track where they can slide freely though they 
cannot pass one another. The track, formed by a 
shelf or groove, is blocked at both ends and restricted 
by @ roof. Horizontal shaking will cause the pieces 
to move both on account of their own inertia 
and friction and on account of collisions with one 
another and with the ends of the track. ‘The pieces 
will not link up in these circumstances. 

Two pieces, A and B, hooked together, as shown in 
Fig. 2, are now added to those originally on the 
track, and shaking is resumed. The result is to repro- 
duce the same AB complex at any point on the track 
where an A-piece happens to be immediately on the 
left of a B-piece. If the experiment is repeated, with 
the alteration that the new pieces inserted are hooked 
together as B and A in Fig. 3, the result will be to 
reproduce this figure, BA, at all possible places along 
the track. 





Fig. 1. 








Fig. 3. Alternative complex of B and A 
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Elements A and B in neutral positions on the track 


Table 1 


(i) Original neutral arrangement, 
A.B.B.A.B.A.A.A.B.A.B.B. 


(ii) Result after adding the complex AB. 
AB... AB.B.AB.A.A.AB.AB.B. 


(iii) Result after adding the — BA. 
BA... A.B.BA.BA.A.A.BA.B.B. 


Thus, if the pieces are arranged as in Table 1, 
addition of AB produces four new AB groups and 
addition of BA produces three new BA groups. The 
difference between AB and BA is analogous to a 
mutation in that the changed complex is repeated in 
its changed form. To emphasize the analogy, 
asymmetrical markings are shown on the surfaces of the 
pieces. The forms chosen here are not the only ones 
suitable for this type of demonstration. They need 
not be symmetrical, though this is useful as it in- 
creases stability in the neutral position (Fig. 1). 

The example given here shows how reproduction 
can be demonstrated by an exceedingly simple 
mechanism. It has been the starting point for con- 
struction of more complicated models with similar 
basic properties. 

L. 8S. PENROSE 

University College, 

Gower Street, 
London, W.C.1. 


R. PENROSE 
Bedford College, 
Regent’s Park, 
London, N.W.1. 


Measurements of Deep Currents in the 
Western North Atlantic 


THe depth of the level of no motion has been 
a controversial matter among oceanographers for 
many years. In calculating currents from observed 
pressure distributions, it has often been assumed that 
the motion of the deep water must be so slow as to 
be negligible+?. On the other hand, Defant* and 
Wist‘ have arrived at consistent 
pictures of the circulation in the 
Atlantic using a surface of no 
motion at intermediate depths. 
More recently, Stommel® has sug- 
gested that there should be a deep 
current along the western boundary 
of the Atlantic, associated with an 
internal thermohaline mode of cir- 
culation, in the opposite direction 
to the Gulf Stream. 

Some measurements of deep water movements 
were made during March and early April of this year, 
using neutrally buoyant floats’, in an attempt to 
throw some light on this question of the position of 
the level of no motion. 

In choosing the most suitable part of the Gulf 
Stream system in which to work, various factors were 
considered. The surface velocities in the stream off 
the American continent usually exceed 200 cm./sec., 
and it was felt that such strong currents would make 
it difficult to keep track of the deep floats. At 
Stommel’s suggestion, an area off Cape Romain, 
South Carolina, was chosen. Here the shallow (less 
than 800 m.) Florida Current flows over the Blake 
Plateau, while strong pressure gradients are found 
in the deep water farther offshore. Farther north, 
towards Cape Hatteras, the violent shallow gradients 
are superimposed on the deep ones. To the south 
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the deep gradients dwindle away in a manner not 
yet understood. On these counts it was decided to 
place the floats as close as was practicable to the 
junction of the surface Stream with the deep water. 

The bulk of the work was carried out in about 
lat. 33° N., and between long. 75° 30’ W. and 76° W. 
Excellent Loran coverage exists in this area. Two 
ships took part in this work, which was a joint venture 
of the National Institute of Oceanography and the 
Woods Hole Oceanographic Institution. The current 
measurements were made by the R.R.S. Discovery II, 
while the R.V. Atlantis occupied hydrographic 
stations, in which serial observations of temperature 
and salinity were made in order to provide a nearly 
synoptic picture of the deep pressure conditions. 

Nine floats were followed, of which seven were in 
deep south-going waiter. The measurements lasted 
for periods of 1-4 days, with some overlaps when 
more than one float was being followed. Three floats 
at 2,500 metres moved in directions between south 
and south-west with mean velocities between 2-6 
and 9-5 cm./sec., and four floats at 2,800 metres 
depth moved almost due south with velocities of 
9-7-17-4 cm./sec. Additional evidence for a south- 
going deep current was obtained by A. S. Laughton, 
who took underwater photographs’ of the deflexion 
of a ball suspended on a string, only 50 cm. above 
the sea floor, in a depth of 3,200 metres. A southward 
movement of about 5 cm./sec. was found at that 
depth. 

The Atlantis hydrographic stations were made at 
right angles to the drift of each float. The spacing 
of the stations, eighty-eight in number, did not 
exceed ten miles in the vicinity of the floats. In 
one case a rectangular pattern of eight stations not 
more than three miles apart was laid. There are 
some irregularities in the slopes of the deep isobars ; 
but the average conditions suggest that the level of 
no motion in this area most probably lies between 
1,500 and 2,000 metres, if the southerly movement 
of the deep water is to be accounted for by the 
geostrophic equation. 

J. C. SwaLLow 

National Institute of Oceanography, 

Wormley, Godalming, 
Surrey. 
L. V. WoRTHINGTON 
Woods Hole Oceanographic Institution, 
Woods Hole, Mass. 
May 13. 
* Sverdrup, H. U., Johnson, M. W., and Fleming, R. H., “The Oceans”, 
456 (Prentice-Hall, Inc., New York, 1942). 
* Sverdrup, H. U., “The Earth as a Planet”, edit. G. P. Kuiper, 
a 5, “Oceanography”, 243 (University of Chicago Press, 
* Defant, A., Wiss. Erg. deutsch. Atlant. Exp. “Meteor” 1925-27, 
6, (2), 5, 191 (1941). 
‘Waist, G., Pap. Mar. Biol. and Oceanogr., Deep-Sea Res. Supp. to 
vol. 3, 373 (1955). 
*Stommel, H., J. Geophys. Res., 61, 2 320 (1956). 
* Swallow, J. C., Deep-Sea Res., 3, 74 (1955). 
* Laughton, A. 8., Deep-Sea Res., 4, 120 (1957). 


A Radio Method of determining the Velocity 
of a Shock Wave 


THE study of the physics of shock waves of 
sufficiently high intensity to produce appreciable 
gaseous excitation and ionization has in recent years 
become of increasing interest in relation to the gas 
dynamics of astrophysical phenomena and to the 
properties of gases at very high temperatures. 
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One of the principal tools of research in this field 
is the shock tube, in which a shock wave in a gas is 
initiated by suddenly breaking a diaphragm which 
originally sealed off a part of the tube containing a 
compressed gas. The precise shock velocity must 
then be determined experimentally, since it is 
influenced by the flow characteristics during forma- 
tion and by attenuation due to the walls of the tube, 

Previous methods of measuring shock velocity 
have depended on the determination of the time 
interval between the passage of the shock front 
between two or more detectors which are sensitive 
to the change of state across the shock. Such methods 
determine the average velocity between the positions 
of the detectors, which are usually widely separated 
so as to reduce the errors of measurement. 

The method here described has been devised to 
provide virtually continuous measurement of velocity 
without the introduction of detecting probes along 
the tube. This is achieved by measuring the change 
of frequency caused by the Doppler effect on con- 
tinuous radio waves reflected from the shock dis- 
continuity. The method is most easily. applied when 
the reflexion coefficient is appreciably enhanced by 
ionization in the flow following the shock front ; this 
condition is fulfilled when the value of the electron 
density N becomes significant in comparison with 
1-24 x 10‘ f*, where f is the radio frequency (Mc./s.). 
Since the tube acts as a wave-guide, the lower limit 
to the radio frequency which can be propagated down 
@ tube is set by its cross-section. The tube used was 
of mild steel cold drawn to an internal section of 
5-4 em. square, and the radio frequency chosen for 
the experiment, namely, 5,000 Mc./s., was near the 
cut-off frequency. With f = 5,000 Mc./s., the reflexion 
coefficient becomes large when the electron density N 
is comparable with 3-1 x 10"! electrons per c.c. 

The rise of temperature in a shock wave and the 
resulting degree of ionization have been predicted 
theoretically for monatomic gases such as argon’. 
The required density for a strong radio reflexion ai 
f = 5,000 Mc./s. can be achieved over a very wide 
range of pressures in argon, initially at room tempera- 
ture, when the shock Mach number is higher than 6, 
thus producing a rise of temperature of the order of 
5,000° K. or more. 

In the experimental arrangement, a small dipole 
at the extreme downstream end of the tube was con- 
nected to a radio valve oscillating continuously at a 
frequency of 5,000 Me./s. The signal reflected from 
the oncoming shock was displaced in frequency by 
the Doppler effect and received on the same dipole. 
The received signal was combined in a crystal mixer 
with a part of the oscillator signal so as to produce 
an output varying at the difference frequency. This 
frequency, which indicates the shock velocity, was 
displayed for measurement as follows. 

‘The output was passed through shaping circuits 
which converted the wave-form into a series of sharp 
pulses. The interval between successive pulses 
corresponds to the time taken for the shock to travel 
a distance of 4-04 cm., equal to half the radio wave- 
length in the tube. For convenience of measurement, 
a scaling circuit was introduced to reduce the number 
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of pulses by a factor of four. The intervals between. 


successive pulses were then converted into voltages by 
causing @ capacitor to be charged linearly during each 
interval, and the voltages were displayed as deflexions 
on @ cathode-ray tube. The deflexions, which are 
inversely proportional to velocity along the tube, can 
be calibrated to indicate velocity directly. In order 
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Fig. 1. Variation of shock velocity along the shock tube as shown on the calibrated 
display 


to improve the reading accuracy, a constant bias 
was introduced in the voltages applied to the cathode- 
ray tube. 

Results obtained in this way are shown in Fig. 1 ; 
the velocity is determined by the ordinate on the 
display, while the abscissa indicates the position along 
the shock tube. The shock was produced in argon, 
initially at room temperature and at a pressure of a 
few millimetres of mercury, by use of hydrogen at 
about 30 atmospheres in the high-pressure section of 
the tube. Fig. 1 shows a shock Mach number of 
approximately 10, corresponding to a velocity of 
about 3-2 km./sec., which is attained when the shock 
becomes fully established at a distance of 1-2 metres 
from the diaphragm. The velocity afterwards de- 
creases and fluctuates slightly. The method provides 
along the whole length of tube a detailed and accurate 
measurement of shock velocity, a parameter of funda- 
mental importance in studying the properties of 
shock waves. 

Acknowledgment is made to the Controller, 
H.M. Stationery Office, for permission to publish 
this communication. 

J. 8S. Hey 
J. T. Prnson 
P. G. Smrru 

Ministry of Supply, 

Royal Radar Establishment, 
Leigh Sinton Road, 
Malvern, Worcs. 
April 4. 


2 er, BE. L., Lin, S., and Kantrowitz, A., J. App. Phys., 28, 1390 
(1952). 


A Lead Fluoride Total-Absorption Spectro- 
meter for High-Energy Electrons and Photons 


In 1954, Kantz and Hofstadter! discussed the use 
of total-absorption spectrometers for high-energy 
electrons and photons. They outlined the advantage 
of such devices, and estimated the performance of 
different absorbing materials. The operation depends 
on trapping a large fraction of the incident energy 
within the absorber, which is made large enough to 
permit soft-shower development. (To keep the 
dimensions reasonable, absorbers of high atomic 
number are essential.) This trapped energy is 


‘ dissipated by ionization along relativistic electron 


tracks in the absorber. As the absorber is to be 


transparent, visible light will be emitted by fluor- . 


escence and Cerenkov : this light pulse is 
measured by photomultiplier techniques. 
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Several instruments have been built 
_on this principle. The materials that 
have been used are thallium chloride’ 
and lead glass*,*. However, lead fluoride 
also satisfies the requirements for an 
absorber, and this communication de- 
scribes an instrument built around a 
crystal of this material. In lead fluoride 
there is no fluorescence (W. J. Van 
Sciver, private communication to D. A. 
Jones) and all the light emitted is 
Cerenkov radiation. The number of 
visible photons emitted is expected to 
be proportional to the fraction of the 
incident energy trapped. 

A crystal of lead fluoride was made 
available to this laboratory by the 
University of Aberdeen. After polish- 
ing, the cylindrical crystal had a length of 5-6 cm. 
and diameter of 8-1 cm.; in radiation-lengths, 
these dimensions are 6 and 9 respectively. (A 
flaw developed across one edge during polishing, 
but the crystal has been used so that the flaw does 
not encroach on the useful parts of the crystal.) 
Using the data given by Jones‘ and Kantz', it is 
possible to estimate the performance: the crystal 
should trap an average of 65 per cent of the energy 
of a 200-MeV. photon or electron incident coaxially ; 
of the visible photons emitted, 35 per cent should 
reach the photocathode of a photomultiplier in con- 
tact with the flat end remote from the incident 
radiation ; the photons arriving at the photocathode 
are expected to generate an average of 74 electrons, 
that is, about 0-4 per MeV. 

Fluctuations will be imposed on this quantity by 
the following considerations. (a) There will be a 
variation in the fraction of the incident energy 
trapped in the crystal due to the statistical nature 
of the shower development. (b) The efficiency of 
light collection will depend on where the light is 
generated. (c) The number of photoelectrons ejected 
from the cathode of the photomultiplier for a constant 
light output will vary statistically. 

(a) and (6) are difficult to estimate. At 200 MeV., 
(c) will prevent the resolution being better than about 
25 per cent. It was hoped that all these effects would 
not prevent a resolution better than 30 per cent. 

The lead fluoride crystal was mounted in magnesium 
oxide and viewed at one end of the cylinder by an 
E.M.1. type 6099F 5-in. photomultiplier having 4 
sensitivity of 48 pamp./lumen. Optical contact was 
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. 1. Pulse-height spectrum from lead fluoride spectrometer 
for 140-MeV. electrons 
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made through D.C. silicone fluid 200. The energy- 
resolution was tested by passing mono-energetic 
electrons into the crystal along its axis. Fig. 1 shows 
the photomultiplier pulse-height spectrum for an 
incident energy of 140 MeV. The resolution is about 
40 per cent. The mean pulse-height corresponds to 
approximately 44 photoelectrons from the multiplier 
cathode, that is, about 0-3 electron per MeV. The 
poor resolution is thought to be due to the variation 
in the fraction of the incident energy trapped in the 
crystal; this variation can only be reduced by 
increasing the size of the crystal. The mean pulse- 
height almost corresponds to that predicted. 

This behaviour can be compared with that of a 
similar instrument built by Cassels*. His absorber 
was a glass cylinder, 20 cm. long and 12-5 cm. 
diameter (8 and 5 radiation-lengths respectively). 
This instrument measured the energy of 125-MeV. 
electrons with about 30 per cent resolution and gave 
pulses corresponding to 0-7 photoelectron per MeV. 
This superiority is expected, as a glass absorber of 
comparable dimensions to a lead fluoride absorber 
will give a greater Cerenkov light output due to the 
longer total electron-path at the same energy. How- 
ever, light collection is more difficult. 

These results indicate that in the range 50-300 
MeV. lead glass is the better absorber, since the size 
required is still manageable. A lead fluoride absorber 
has, however, only one-third the linear dimensions of 
the equivalent glass absorber ; therefore, at energies 
where the lead glass required is too large, lead fluoride 
will be more convenient. The resolution should 
improve as the energy increases. 

We are indebted to Prof. R. V. Jones and Dr. 
D. A. Jones, of the University of Aberdeen, for the 
gift of the lead fluoride crystal, and to Prof. P. I. 
Dee for encouragement and useful discussion. 

W. S. C. WritraMs 
H. S. CapLan 
Department of Natural Philosophy, 
The University, 
Glasgow, W.2. 
April 8. 

? Kantz, A., een Hofstadter, R., Nucleonics, 12, 36 (1954). 

* Cassels, J. M., Proc. Phys. Soc. (in the press). We are indebted to 
Prof. Gs for supplying this information about his instrument 
prior to publication. 

* Jester, M. H. L., University of California Radiation Laboratory, 
2990 (1955). 

«Jones, D. A., Proc. Phys. Soc., B, 65, 165 (1955) 


lonization Potentials of Hydrogen Fluoride 
and the Ground-State of the HF+ lon 


Johns and Barrow! have recently reported the 
results of their ultra-violet spectroscopic studies of 
the DF+ and HF+ molecular ions. They concluded 
that the observed bands were due to transitions 
between a lower A-state and an upper B-state. The 
A-state was regarded as being the A*i+-state arising 
from the combination H++F(?P). Johns and Barrow 
state that if A*X+ is the ground-state of the HF + ion, 
then the ionization potential of HF would be 16-88 eV. 

The ground-states of the HCl+ and HBrt molecular 
ions are *[];-states arising from the combination 
H + X+(*P). This *[]j-state could, of course, be the 
ground-state of HF +. 

Recently, we determined the ionization potentials 
of HF, using essentially mono-energetic electrons’, 
and found that the first ionization potential was 
15-77 eV. and that there is another ionization 
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potential at about 1-2 eV. above this due to the 
formation of the HF+ ion in its first excited stat«. 
A detailed consideration of the electronic structur» 
of the HF molecule led us to conclude that th: 
ionization potential at 15-77 eV. refers to the forma. 
tion of the HF'+ ion in its *J];-state, and the second 
ionization potential refers to the formation of HF+ 
ion in its first excited A*X+-state. Bands due two 
the transitions A*X+ — "I]y and B*l+ — *T]y aro 
therefore still to be found for the HF+ ion. Ou 
results indicate that the former bands should be 
found in the near infra-red. 

A detailed discussion of these matters is contained 
in a paper presented at the annual conference o! 
the Chemical Institute of Canada held in Vancouver, 
B.C., June 3-5, 1957. 


J. A. R. Cooprre 
D. C, Frost 
C. A. McDowELL 
Department of Chemistry, 
University of British Columbia, 
Vancouver 8, B.C. 


Johns, J. W. C., ak Soe R. F., Nature, 179, 374 (1957). 
ha jen. 7. SeDonel CA 
ot 8 ‘860 go (a8 , and McDowell, 
227 (1088 


It is very satisfactory that evidence for the 
*[T;-state of HF+, which proves to be the ground- 
state, has now been obtained; and the agreement 
between the electron impact value of the ionization 
potential to A*=+, 15-77 + 1-2 = 16-9, eV., and the 
spectroscopic and thermochemical value, 16-88 eV., 
is very good. Comparison with HCl and HBr 
suggests that w,” and r,” for HF'+ should have values 
similar to those for the ground-state of the neutral 
molecule. The relative dispositions of the potential 
curves (Fig. 1) are such that the transition B-X 
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Fig. 1. Morse potential energy - heat distance curves 
for electronic states of H 


in the ultra-violet region must be weak: however, 
it seems likely that the A—X transition should be 
observable. The 0,0 band should lie at about 11,200 A., 
and the 1,0 band at about 8500 A. 


J. W. C. Jonns 
R. F. Barrow 


Physical Chemistry Laboratory, 
University of Oxford. 
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Thermal Properties of Plaster of Paris in the 
Powdered Form 


THE thermal conductivity of powdered plaster of 
Paris was reported in 1896 by Lees and Chorlton!'. 
Their value of 0-00261 gm. cal./sec./deg C./em. has 
since been incorporated into the literature of heat 
transfer, primarily through the medium of the 
“International Critical Tables’. So recently as 1950, 
text-books have continued to report this value. 
Unfortunately, the decimal point in the original 
paper and subsequent copies has been misplaced. 
Lees and Chorlton should have reported a value of 
(-000261 gm. cal./sec./deg. C./cm. 

In a recent test carried out at the National Research 
Council of Canada using the line heat source method?*, 
the following thermal properties of powdered plaster 
of Paris having a density of 1-13 gm./c.c. were 
obtained : 
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Thermal ceatestevity = 0-00032 gm. cal./sec./deg. C./em. 
Thermal diffusivity = 0-0012 cm.*/sec. 
Specific heat = 0-23 cal./gm. /deg. C. 
W. G. Brown 
Division of Building Research, 
National Research Council, 
Ottawa. 


1 Lees, C. H., and pm ge J. D., Phil. Mag., 41, 495 (1896). 
* Ingersoll, L. R., bel, J., and Ingersoll, A. C., “Heat Con- 
duction” (Uae Wisconsin "Press, 1954). 


Breath Figures 


GLass surfaces are sometimes sparked with a 
high-voltage high-frequency spark, or flamed, to 
clean them of organic contamination, and then 
checked for cleanliness by breathing on the surface. 
A characteristic ‘breath figure’ appears, the moisture 
from the breath condensing in tiny droplets on any 
hydrophobic contaminated areas, which appear 
cloudy, but condensing uniformly on the hydrophilic 
areas to form clear patches. The hydrophilic areas 
are sometimes thought to be ‘clean’!. 

Baker* found that sparked areas remained hydro- 
phylic for surprisingly long periods of time, and 
furthermore had the extraordinary property of 
causing plates left’ in contact with them to give 
similar breath figures when breathed upon, that is, 
they caused ‘transfers’. Baker thought transfers 
were caused by gas molecules occluded by the first 
plate having a cleaning effect on the second. Further 
experiments, however, suggest that the activity of 
the sparked plate is due to the presence of radicals 
trapped in a surface film and not to gas molecules 
occluded by the surface of the glass. 

If a plate is cleaned with acid to remove all organic 
material and then sparked, it will not cause transfers. 
Very much longer times are required for any transfer 
to occur if the second plate is first cleaned in acid 
than if it is slightly contaminated, suggesting that 
hydrophobic material is not removed from the second 
plate or hydrophilic material as such transferred to 
it, but that any film on the second plate is altered 
by some activity of the first plate. If the second 
plate is coated with a film of potassium iodide and 
starch, the area opposite the hydrophilic area on the 
first plate becomes brown in colour, the brown 
becoming a bright blue if the plate is wetted. An 
abraded zinc surface affects a starch—potassium 
iodide plate in a similar way, and Grunberg® has 
suggested that reactions, involving free radicals, 
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occur on freshly exposed metal surfaces. The positive 
starch—potassium iodide reaction suggests that the 
radicals involved may be peroxides, though there is 
some evidence‘ that hydroxyl radicals may be con- 
cerned. If styrene is polymerized in test-tubes that 
have been previously sparked and in chemically 
clean test-tubes, polymerization is faster in the former. 
Free radicals would maintain a sparked surface in a 
hydrophilic condition if the rate of contamination 
was sufficiently slow. Hence the radical theory would 
explain why a sparked surface exposed to atmospheric 
contamination remains hydrophilic much longer than 
a plate cleaned in acid. 

The transfer experiments suggest that, though 
sparking may remove much of the contamination, a 
very thin film of material is left on a glass surface 
even after prolonged sparking. 

Incidentally, the breath figure formed under a 
stationary electrode is not necessarily a simple disk. 
A small patch appears and grows larger, but after a 
certain amount of the contaminating material has 
been removed or changed to hydrophilic material, 
the remaining hydrophobic material is repelled out- 
wards to form a well-marked annulus. If a contam- 
inated plate is sparked for a long time, several 
alternately hydrophobic and hydrophilic annuli may 
form. 

We thank Dr. E. J. W. Whittaker, who suggested 
the free-radical mechanism, and the Directors of 
Ferodo, Ltd., for permission to publish this com- 
munication. 

R. T. SPURR 
J. G. Burim 
Ferodo, Ltd., 
Chapel-en-le-Frith, 
via Stockport, 
Cheshire. March 6. 
1 Strong, B., “Modern Physical Laboratory Practice” (1938). 
* Baker, T. B., Phil. Mag., 44, 261 (1922). 
* Grunberg, L., Proc. Phys. Soc., B, 66, 153 (1953). 
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Relative Tendencies of Similar Organic 
Derivatives of Nitrogen(IIl), Phosphorus(Ill), 
Arsenic(IIl), Oxygen(Il), Sulphur(Il) and 
Selenium(Il) to form Complexes with Silver 
lons 


THERE is very little quantitative information about 
the relative co-ordinating tendencies of the heavier 
donor atoms of Groups V and VI, and this relates 
mainly to acceptor atoms (class a), which form their 
most stable complexes with the lightest donor atom 
of each group, namely, N, O and F~-. This informa- 
tion has been obtained from vapour phase equilibria'. 
There is none relating to those metals (class b) which 
form their most stable complexes with the second 
lightest or one of the heavier donor atoms of each 
group, and only a very little, mainly semi- 
quantitative, to atoms on the borderline between 
the classes, such as boron*® and thallium?. 

This gap in our knowledge exists because equilibria 
involving typical acceptor atoms of class b and 
ligands containing the heavier donor atoms do not 
lend themselves easily to measurement. However, 
by a suitable choice of substances we have been 
able to measure the affinities of some sulphonated 
ligands, a phosphine, an arsine, three sulphides and 
a selenide for silver ion in aqueous solution. 
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Fig. 1. Curves for the formation of ———s of silver ions with a variety of 


monodentate ligands, L 


The stability constants, se for the equilibrium : 


Agt + Ia— = Agl(e-0)-; K, = [AgLJ/[AgIZ] 


are given in Table 1, where L is any of the ligands 
listed there. Comparison with K, for the benzene- 
sulphonate ion shows that the donor atom in each 
case is that which is in heavy type. In the case of 
the anisolesulphonate ion, the donor atom was not 
determined but may be an oxygen atom of the -SO,- 
group. 


First StaBiiry Constants, K,, FOR A SERIBS OF 
‘guvent COMPLEXES LY AQUEOUS SOLUTION AT 25° 


bol used 


Ligand 1 Fig. 1 


a C.H,SO,- 


fal set 
P s 
PPh Osh 
p-OMeC 
o-SEtC 


* The orientation of this 
almost certainly meta. 


There is little need for comment upon the figures. 
The class 6 character of silver is at once apparent, 
and also the extraordinarily high affinity of the 
sulphonated triphenylphosphine for silver ion. This 
is known qualitatively to be one of the more weakly 
co-ordinating of tertiary phosphines, and the trialky] 
phosphines may have K, even greater by some 
powers of ten. Metanilic and sulphanilic acids are 
very weakly co-ordinating amines, because of the 
conjugation of the nitrogen atom with the sulph- 
onated aromatic nucleus. The value of K, for 
ammonia‘ is 1,740 and that of pyridine® 110. 

Complex-formation curves for the ligands have 
been completely determined and a selection is given 
in Fig. 1, with those of ammonia‘ and chloride ion* 
for comparison. The variety of formation curves is 
interesting. The formation of complexes by the 
trisulphonated arsine appears to stop at ligand 
number, 7 = 1, by ammonia at n= 2, by the 
phosphine at 7 = 3, and the remainder, except those 
which are very weakly co-ordinating, at n = 4. 

None of the sulphonated ligands shows any sign 
of a ‘stop’ or inflexion in the complex-formation 
curve at n = 2, although this has been considered a 
characteristic of the silver and related ions. In fact 
the second complex, Agl,, has only a short region 
of stability in every case. Doubtless the formation 
of complexes by the trisulphonated arsine stops at 
nm = 1 because of its high negative charge (— 3e) and 
the accumulation of negative charge which would 


Ionic strength 


1-0 (NaClo,) 
(NaCcl0o,) 


KE, (mole~) 


substance has not been proved but is 
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result if more than one ligand moleciile 
entered the complex. The ‘stop’ at 
n = 3 in the formation curve of the 
phosphine is probably caused partly by 
steric factors and partly because fairly 
strong dative x-bonding from the silver 
ion to all the phosphine atoms is 
possible if the silver complex has a 
trigonal sp* hybridization. 

We do not expect the variety of 
formation curves given by the silver 
ion to be a general characteristic of 
class b atoms; it probably arises be- 
cause silver(I) can form stable com- 
plexes with linear sp, trigonal sp* or 
tetrahedral sp* hybridizations. Any 
properties such as the electronegativities and double. 
bonding tendencies of the donor atoms which favour 
one rather than another of the above hybridizations 
will greatly alter the shape of the formation curve. 
Such variations in the co-ordination number of most 
metal complexes are not possible. 

A detailed description of this work with further 
examples and a discussion of the significance of the 
results will be published elsewhere. 

STEN AHRLAND 
J. CHatr 
N. R. Davies 
A. A. WILLraMs 
Research Department, 
Imperial Chemical Industries, Ltd., 
The Frythe, 
Welwyn, Herts. 
March 8. 
*For example, (a2) Davidson and Brown, J. Amer. Chem. Soc., 64, 
316 (1942). (6) Coates, J. Chem. Soc., 2003 (1951). 
* Graham and Stone, J. Inorg. Nucl. Chem., 3, 164 (1956). 
* Coates and Whitcombe, J. Chem. Soe., 3351 (1956). 
‘ Bjerrum, “Metal Ammine ago — Aqueous Solution”, 
(Haas and Son, Copenhagen, 
* Bruehiman and Verhoek, J. oe a Soc., 70, 1401 (1948). 
* Berne and Leden, Sven. Kem. Tid., 65, 88 (1953). 
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Modified Preparation of Pseudosapogenins 


In view of the easy availability of diosgenin in 
large amounts from Indian Dioscorea yams‘ and the 
importance of pseudosapogenins for the prep...ation 
of steroid hormones, we were interested iv “he con- 
version of diosgenin into pseudodiosgenin. iue usual 
method? consists in heating the sapogenin with five 
times its weight of acetic anhydride in a sealed tube 
at 195—200° C. for 10 hr. After a number of trials we 
found the optimum temperature to be 192°C. (with 
10 hr. heating). 

Recently, as it appeared that pressure has very 
little effect on this reaction, we carried out the con- 
version in an open system using triacetin as a high- 
boiling medium. For this purpose, 5 gm. diosgenin 
was refluxed for 10 hr. with 8 c.c. acetic anhydride 
and 35 c.c. triacetin. The heating was adjusted to 
keep the temperature of the liquid mixture at 192° C. 
throughout the period. The dark-coloured liquid 
was washed by decantation with warm water and 
the oily residue cooled in ice, when pseudodiosgenin 
diacetate crystallized out. The product, after re- 
crystallization from methanol, had melting point 
99-100° C., yield almost quantitative. This method 
appears to be also suitable for preparation of other 
pseudosapogenins. As triacetin has no catalytic 
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action it may be replaced by other similar high- 
boiling solvents. 

The work was financed by the Council of Scientific 
and Industrial Research, New Delhi. 
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D. CHAKRAVARTI 
Department of Chemistry, 
Bethune College, 
Calcutta. 
R. N. CHAKRAVARTI 
M. N. Mrrra 
Department of Chemistry, 
School of Tropical Medicine, 
Calcutta. 
March 1. 
1 Chakravarti, R. N., et al., Ind. Med. Gaz., 88, 422 (1958); J. Ind. 
Chem. Soe., $1, 173 (1954); 38, 799 (1956). 
* Marker, R. E., Tsukamoto, T., and Turner, D. L., J. Amer. Chem. Soe., 
62, 2525 (1940). 


An Unstable Modification of Aprobarbital 


POLYMORPHISM in aprobarbital (5 allyl 5-tsopropy] 
barbituric acid) has been reported by several 
workers!-*. Three modifications are quite stable and 
have been well described in the literature, and a 
fourth modification has been prepared by Brand- 
statter?, who has reported only a melting point, and 
gives no preparative details. Huang* has attempted 
to prepare this modification IV, but although a new 
crystal habit was observed, it was found to have 
the same X-ray diffraction pattern as modification ITT. 

Polymorphism was observed in this Laboratory in 
the course of work on the identification of toxico- 
logical barbiturate specimens by X-ray diffraction. 
It was noticed that aprobarbital (inter alia) gave 
different modifications on crystallization from aqueous 
alcohol and chloroform. Comparison of the X-ray 
patterns obtained on a 90° North American Phillips 
diffractometer with the data given by Huang? 
established that crystallization from alcohol gave 
modification I and that the product from chloroform 
was modification ITI. 

However, under the microscope, the crystals 
obtained from chloroform solution were observed to 
be opaque, and without any clearly defined faces. 
This was initially assumed to be due to deposition of 
@ microcrystalline or amorphous phase on the surface 
of the crystals as they dried, since, in the presence 
of the mother liquor, the crystals were observed to 
be fine transparent needles, with clearly defined faces. 
However, all attempts to remove any such surface 
layer by redissolving in chloroform, or dispersing in 
mineral oil, failed, and no sign of the original trans- 
parent crystal could be found. 

It was desired to study the transparent crystals 
in the mother liquor with X-rays, but the high 
absorption of the X-rays by chloroform and the 
volatility of the solvent made this very difficult. 
However, it was found that the crystals could be 
tramsferred to water by adding water to the chloro- 
form suspension of the crystals, and drawing off the 
chloroform layer in a sintered-glass Gooch crucible. 
The crystals retained their form and transparency 
in water, and were readily examined by X-rays while 
still wet. The X-ray pattern thus obtained estab- 
lished that these crystals were a modification of 
aprobarbital distinct from the three described by 
Huang’, and possibly the same as that prepared by 
Brandstatter. 
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It appears that whereas this modification is reason- 
ably stable in the presence of the mother liquor, it 
reverts to the more stable modification III as the 
crystals dry. This change was seen clearly when a 
suspension of the crystals in water was allowed to 
dry out; the needles changed their form on drying, 
and became rods with very well-defined end-faces, 
which gave the X-ray pattern of modification III. 

I thank the Director of the Soil Bureau, Wellington, 
for the use of the X-ray diffractometer, and the 
Director of the Dominion Laboratory for permission 
to publish this communication. 


P. P. Wriviams 


Dominion Laboratory, 
Wellington, New Zealand. 
Feb. 28. 
+ Fischer, R., Arch. Pharm. u. Ber. disch. pharm. Gesel., 270, 149 
1932); Mikrochemie, 10, 409 (1932). Reimers, F., Dansk. Tids. 
‘arm., 14, 1 (1940). 
* Brandstatter, Maria, Z. physik. Chem., A, 191, 227 (1942). 
* Huang, T-Y., Acta Pharm. Intern., 2, 95 (1951). 


Reversible Enzyme Inactivation due to 
N,O-Peptidyl Shift 


In the course of a study of the N,O-acyl shift at 
the hydroxyamino-acid residues of proteins (N,O- 
peptidyl shift) we observed that under certain 
conditions lysozyme was reversibly inactivated in a 
way suggestive of a direct dependence on the re- 
versible N,O-peptidyl shift. In earlier work? on this 
rearrangement in proteins, concentrated mineral 
acids were employed, and concomitant, irreversible 
processes then make it difficult to observe any con- 
nexion between the N,O-peptidyl shift and the bio- 
logical activity. However, a search for milder con- 
ditions has revealed that the reaction also takes 
place in formic acid at ordinary temperature, and 
apparently without other changes*. 

Lysozyme dissolved in anhydrous formic acid at 
room temperature gradually lost its enzymatic 
activity over a period of hours. Complete reactiva- 
tion could be brought about by keeping the in- 
activated enzyme in aqueous solution for 4 hr. at 
pH 7-5-8-5 and room temperature. The reactivation 
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Fig. 1. Alkali consumption (—@—@—-@—) during reactivation 
(O) of inactivated lysozyme 
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Fig. 2. Electrophoresis diagrams of mixture of native and 

inactivated + meer {&. time of exposure 160 min.), inactivated 

@, time of exposure 150 min.), and reactivated lysozyme (c, time 

f exposure 150 ag Acetate buffer, ionic —e 0-1 and 
pH 3-90. Arrows indicate starting poin' 


was accompanied by a release of acid, and this could 
be followed at a constant pH using an autotitrator. 
Parallel measurements of activity showed that the 
alkali consumption and the reactivation ran strictly 
parallel (Fig. 1). Both reactions followed a first-order 
course with a specific rate-constant of 1-15 x 10-* 
min.-! at 20° C. and pH 7-5. 

The electrophoretic mobilities of the native, 
inactivated and reactivated forms of the enzyme 
were determined in a Tiselius-Svensson apparatus 
using an acetate buffer, ionic strength 0-1 and 
pH 3-90 (Fig. 2). The mobilities were as follow: 
native enzyme, + 0-84 x 10-* cm.*? volt“! sec.-!; 
inactivated form, + 1-01 x 10-* cm.® volt.-! sec.-! ; 
and for the reactivated enzyme, + 0-84 x 10 cm.? 
volt-? sec.-'. In order to obtain a single peak for 
the reactivated form, it was necessary to carry the 
alkali treatment up to pH 8-5 (see Fig. 1). 

The experimental evidence strongly supports the 
assumption that the inactivation—reactivation pro- 
cess is caused by a reversible N,O-peptidyl shift : 


i 
o—du 


0 HO—CH 4 
| 
4 wat + He _t H,N*—CH— 


A release of hydrogen ions is to be expected in the 
reaction to the left, thus accounting for the observed 
alkali consumption during reactivation. Further- 
more, amino-nitrogen determinations (v. Slyke 
method) during the inactivation showed a gradual 
increase, which again disappeared after the reactiva- 
tion. Also, the electrophoretic findings are in con- 
formity with this interpretation, which requires that 
the inactivated form should carry a more positive 
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charge than either the native or the reactivated 
enzyme. 

As judged by several criteria, for example, 
orystallizability, end-group determination and elect:o- 
phoretic mobility, the reactivated enzyme seems to 
be identical with the native enzyme. 

Our results do not allow us to select any one o: a 
small number of the approximately seventeen possi le 
reactive sites in the enzyme molecule as more im- 
portant for its activity than the others. 

A full account of this work will appear elsewhere. 
Grants in support of it from Eli Lilly and Com. 
pany and from the Medical Faculty of the University 
are gratefully acknowledged. 


PEeHR EDMAN 
LARS JOSEFSSON 


Department of Physiological Chemistry, 
University of Lund. 
Feb. 2. 


2 Desnuelle, P., and Casal, A., Biochim. Acta, 2, 64 (1948). 
Elliott, D. F., Biochem. Ay: 50, 542 rote Elliott, D. F., “The 
pe a Structure vet Proteins’, yoke olstenhoime, G. E. W.., 

Cameron urehill, » London, 1953). 
Chibnall, A. G., and Rees, M. W., ’ 
* Josefsson, L., and Edman, P., Acta Chem. Scand., 10, 148 (1956). 


Glycosidases in Mammalian Sperm 
and Seminal Plasma 


PREVIOUS investigations of animal glycosidases 
have shown that certain enzymes of this group occur 
in a state of particularly high activity in reproductive 
organs; for example, $-glucuronidase in the pre- 
putial glands of the female rat', and 8-N-acetyl- 
glucosaminidase and «-mannosidase in the epididymis 


of the male rat*. Preliminary results indicated high 
a-mannosidase, and relatively low 8-N-acetylglucos- 
aminidase, activity in rat epididymal sperm, whereas 
the high activity of both enzymes in bull semen was 
largely confined to the seminal plasma (Conchie, J., 
and Levvy, G. A., unpublished work). It was the 
object of the present investigation to extend the 
study of these enzymes to the sperm, seminal plasma 
and male accessory secretions of other animals, and 
also to compare the activity of the three glycosidases 
mentioned with that of other similar enzymes, 
namely, 8-mannosidase, a- and B-glucosidase, «- and 
6-galactosidase, 6-xylosidase and a-N-acetylglucos- 
aminidase. The substrates used were phenolphthalein 
glucuronide and the phenol and o- or p-nitrophenol 
derivatives of other glycosides*. Results are expressed 
in units, defined as micrograms of aglycone (phenol- 
phthalein, phenol and o- or p-nitrophenol, re- 
spectively) liberated under suitable conditions** by 
1 ml. semen or accessory gland secretion in 1 hr. 
at 37°C. Results for sperm are calculated on the 
original volume of semen. The species investigated 
include the ram, bull, boar, stallion, rabbit, dog 
and man. 

Experiments on ram semen, which is particularly 
suitable for studies on spermatozoa because of its 
high concentration of sperm (2-5-5 million cells/ul.), 
showed that two glycosidases, namely, «-mannosidase 
and §-N-acetylglucosaminidase, in contrast to the 
others studied, are present in the spermatozoa them- 
selves, that is, after the removal of seminal plasma. 
This is of special interest in view of the fact that both 
mannose and N-acetylglucosamine are known to 
occur in spermatozoa, as constituents of the acrosomal 
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polysaccharide complex‘. Out of 370 units of 
«-mannosidase and 20,000 units of B-N-acetylglucos- 
aminidase found in 1 ml. of whole ram semen, 320 
and 4,000 units, respectively, were derived from 
spermatozoa. Procedures which cause structural 
damage or partial disintegration of sperm cells, such 
as cold-shock’, shaking in a Mickle disintegrator, or 
treatment with surface-active agents*, not only failed 
to ‘release’ more a-mannosidase from the spermato- 
zoa, but produced a definite decrease in activity. 
Of the remaining glycosidases present in ram semen, 
B-mannosidase (2,000 units/ml.), $-galactosidase 
(2,000-6,000 units/ml.) and §-glucuronidase (260- 
570 units/ml.) were confined chiefly to the seminal 
plasma, while the remaining enzymes were either 
poorly active (glucosidases, «-galactosidase) or absent 
altogether (8-xylosidase, «-N-acetylglucosaminidase). 

The main results obtained with ejaculated semen, 
seminal plasma and accessory gland secretions of 
species other than sheep are recorded in Table 1. 
B-Xylosidase and «-N-acetylglucosaminidase are not 
listed, since their activity was negligible in all species. 
Results obtained with ejaculated spermatozoa are 
also omitted in view of the generally low activity in 
washed sperm cells other than ram. It has, however, 
been possible to demonstrate the presence of «- 
mannosidase and 8-N-acetylglucosaminidase in boar 
and rabbit spermatozoa washed free from seminal 
plasma. The outstanding fact emerging from Table 1 
is the extraordinarily high level of B-N- acetylglucos- 
aminidase and a-mannosidase activity in the epi- 
didymal seminal plasma. In all species listed in 
Table 1, including man, B-N-acetylglucosaminidase 
was the most active of the glycosidases in seminal 
plasma and accessory gland secretions, with «- 
mannosidase ranking next in activity. 


We wish to thank Miss J. Findlay for specimens of 
phenyl 8-N-acetylglucosaminide and p-nitrophenyl 
8-N-acetylglucosaminide. 


J. CONCHIE 
Rowett Research Institute, 
Bucksburn, Aberdeenshire. 


T. Mann 
Agricultural Research Council 
Unit of Reproductive Physiology and Biochemistry, 
Molteno Institute, and 
Department of Veterinary Clinical Studies, 
University of Cambridge. 
April 9. 
1 Beyler, A. L., ee M., Endocrinol., 64, 334 (1954). 
* Conchie, J., Hotes. 3 and Levvy, G. A., Nature, 178, 1469 (1956) ; 
Biochem. J., 65, 18P (1957). 
* Conchie, J., and Levvy, G. A., Biochem. J., 65, 389 (1957). 
“Clermont, Y., Glegg, R. E., and Teblond, C. P., Exp. Cell Res., 8, 
453 (1955). 
* Mann, T., and Lutwak-Mann, C., Arch. Sci. Biol., 39, 578 (1955). 
* Koefoed-Johnsen, H. H., and Mann, T., Biochem. J., 57, 406 (1954). 


Occurrence of Phenol Oxidase in 
Streptomyces antibioticus producing 
Actinomycin B 


I APPROACHED the study of the aiiiiadias of 
actinomycin by Streptomyces antibioticus No. 105/5 
from the point of viuw of the biosynthesis of a model 
antibiotic with a quinone structure. I thought that 
the biosynthesis of actinomycin, as a quinone anti- 
biotic, might be catalysed by phenol oxidases. 
Although the molecule of actinomycin is not a typical 
quinone with two carbonyl groups, phenol oxidases 
may take a part in the biosynthesis of this anti- 
biotic, at least during the formation of some inter- 
mediary product. For example, dioxi-dimethyl- 
acridonquinone and dioxitoluquinone were obtained 
during the breakdown of actinomycin’. 

After a suitable manometric method for the 
determination of phenol oxidase had been worked 
out*, phenol oxidase of the laccase type was found in 
Streptomyces antibioticus No. 105/5 producing actino- 
mycin B. This laccase is an endoenzyme with 
maximum activity at pH 4-0-4-5. Hydroquinone 
is oxidized most rapidly, catechol more slowly and 
p-phenylenediamine very slowly. Maximum pro- 
duction of laccase was at pH about 5 in submerged 
cultures of Actinomyces on the rotating shaker. 

To obtain a more concrete basis for a study of 
fermentation in Actinomyces, I have studied the 
relation of the production of actinomycin to that of 
phenol oxidases and determined optimal conditions 
for the activity and production of phenol oxidases. 
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Table 1. PRODUCTION OF PHENOL OXIDASE AND ACTINOMYCIN BY 
Streptom: i 0. 105/5 
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When cultivating Streptomyces antibioticus in sub- 
merged cultures on different media on the rotating 
shaker, a direct relation between the production of 
actinomycin and that of phenol oxidases was found. 

The effect of pH on phenol oxidase production and 
that of actinomycin was studied with Actinomyces 
cultivated on the rotating shaker in media P-—0-35 
with different concentrations of di-ammonium hydro- 
gen phosphate. The decreasing concentration of 
phosphate was made up by adding equimolar amounts 
of ammonia ions as ammonium chloride. After 
cultivation for six days, a direct relation between 
the production of phenol oxidase and that of actino- 
mycin was found (Table 1, media A, B, C, D, E). 

A similar direct relation between the amount of 
phenol oxidase and the production of actinomycin 
was found during the development of the culture in 
two media P—0-35 (glucose 1 per cent, lactose 1-5 per 
cent, corn steep 0-35 per cent, di-ammonium hydrogen 
phosphate 0-4 per cent, 


NATURE 


June 8, 1957 


VoL. 179 


which actinomycin is precipitated as a red solid 
substance that collects at the surface of the culture 
in the foam that is formed. In this way it was shown 
that there is a direct relation between phenol oxidase 
of the laccase type and the production of an anti. 
biotic (although this was done by indirect proofs), 
By achieving optimum conditions for the production 
and activity of laccase during cultivation of Actinv. 
myces, optimum conditions for the production of 
actinomycin were also produced. 

Details of this work will be published in Os. mikro- 


biologie. 
Viapimiz Sevétc 
Department of Microbiology, 
Institute of Biology, 
Czechoslovak Academy of Science, 
Prague 6, Czechoslovakia. Jan. 3. 
* Brockmann, H., and Muxfeldt, H., Angew. Chemie, 68, 67 (1956). 
* Sevtfk, V., [Nature, 179, 966 (1957)). 


A New Factor in the Respiration Climacteric 
of Apple Fruits 


WE have found (unpublished work), from Warburg 
respirometer studies, that peel and pulp tissue slices 
from Bramley’s Seedling apples are capable of a 
vigorous decarboxylation of added malate. The 
capacity for this reaction develops at the time of 
the climacteric rise in respiration of the whole fruit. 
The rate of oxygen-uptake is not influenced by the 
malate — decarboxylation reaction proceeding in the 
tissue slices. A theory has been advanced that a 
part, at least, of the increase in production of carbon 
dioxide of the whole fruit at the time of the climacteric 





sodium chloride 0-5 per cent, 200 - 


calcium carbonate 0-1 per 
cent ; pH 6-2) and P-0-05 
(the same medium with only 
0-05 per cent corn steep) 
(Table 1). 

On the basis of these 
results it is concluded that 


WHOLE APPLES | 


8 


@--@ CONTROLS 


O—O MALATE INJECTED 
FRUITS 





phenol oxidase of the laccase 
type participates most prob- 
ably in the biosynthesis of 
actinomycin B by Strepio- 
myces antibioticus. 

I attempted to use results 
obtained on the optimum 
activity of phenol oxidase 





for a study of the fer- 
mentation of actinomycin 
B. A medium was de- 
veloped for the fermenta- 
tion of actinomycim con- 
taining di-ammonium hy- 
drogen phosphate in which 
the pH decreases from 6-2 
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to 5-1 during cultivation. 
The lower pH (near the 
optimum value for phen 
oxidase activity) is main- 
tained for several days. 
Under these conditions, act- 
inomycin is produced in 
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is due to this malate — decarboxylation reaction. This 
theory is supported by the fact that the respiratory 
quotient of the tissue slices increases during the period 
of the climacteric. 

In view of these results it was decided to investigate 
the effect of added malate on the production of carbon 
dioxide of whole apples. Malate (at pH = 3-8) was 
injected into a branch of a Bramley’s Seedling apple 
tree using the technique of Hulme and Roach?. ‘The 
injections were carried out at intervals from the end 
of July until early September. The earlier injections 
were of 0-67 per cent malate ; in the later injections 
this was increased to 1-34 per cent. The fruits were 
picked on September 26, 1955. The later, stronger 
injections of malate caused leaf ‘scorch’ on the edges 
of the leaves near to the point of injection. 

The respiration-rates of three apples from the 
injected branch, and from an untreated branch of the 
same tree (controls), were measured at 12°C. by the 
Pettenkofer method. The results obtained are shown 
in Fig. 1. It can be seen that fruit from the ‘malate 
injected’ trees showed a higher and earlier climacteric 
rise than the controls, and that one of the injected 
fruits exhibited a spectacular increase in production 
of carbon dioxide to approximately 300 per cent of 
the climacteric peak level of the controls. The small 
variation in the time of the onset of the climacteric 
in the controls is a normal feature of apples, but in 
the injected fruits there is a much larger variation. 
It will also be noted that the earlier the onset of 
the climacteric in the injected fruits, the higher the 
peak-level of production of carbon dioxide reached. 
It is probable that this variation reflects the uneven 
distribution of the injected malate throughout the 
branch. No measurements of respiratory quotient 
were carried out in this experiment, but these will be 
determined in future work. The results suggest, 
however, that the evidence obtained from tissue slice 
experiments reflects an important phenomenon taking 
place in the whole apples at the time of the climacteric. 
This work will be reported in more detail elsewhere. 
A. C. Hurms 
G. E. Neat 
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Ditton Laboratory, 
Food Investigation Organization 
(Department of Scientific and Industrial Research), 
Maidstone, Kent. Feb. 27. 


*Hulme, A. C., and Roach, W. A., Biochem. J., 30, 1397 (1936). 


Biochemical Changes associated with Folic 
Acid Deficiency and CEstrogen Treatment 
in the Oviduct of the Immature Chick 


For the past few years one of us (W. O. B.) has 
been investigating changes in the composition of the 
oviduct of the immature chick in which folic acid 
deficiency had been induced by dietary deprivation 
in contrast to deficiency brought about by the use 
of antagonists. Some of the results have already been 
reported'. It has been well established that a specific 
oviduct growth failure occurs in folic acid deficiency* 
and it might be expected that the retarded tissue 
would show some difference in chemical composition 
though this aspect does not appear to have been 
studied by other workers. 

We wish to report the results of a recent experi- 
ment which furnishes some information on this topic 
particularly in relation to the chemical composition 
of cestrogen-induced oviduct tissue in the immature 
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chick and some specific data on alkaline phosphatase 
activity and nucleic acid levels in this tissue when 
associated with folic acid deficiency. 

For the experiment reported here, thirty-two day- 
old Light Sussex female chicks were reared on a 
normal diet for twenty days and then depleted for 
two weeks on a purified folic acid deficient diet similar 
to that of Lillie and Briggs*. This was followed by 
an experimental period of ten days on this diet 
when half the chicks received daily intramuscular 
injections of 0-5 mgm. of pteroylglutamic acid 
(Roche). All chicks were given 2-0 mgm. estradiol 
dipropionate and 1-0 mgm. testosterone propionate 
intramuscularly on alternate days. Each group 
received the same amount of food daily during the 
experimental period. Samples of blood were bulked, 
and oviduct samples were vacuum dried at low tem- 
perature prior to analysis. Folic acid was determined 
by microbiological assay‘, nucleic acid by the 
Schneider* technique and alkaline phosphatase by 
the method of King and Armstrong‘. 

The data for oviduct weight (see Table 1) confirm 
the findings of other workers* and the protein and 
dry weight percentages are in accord with previous 
experiments carried out in this laboratory, showing 
@ rise of 38 per cent in the dry matter of the oviduct 
tissue when folic acid is given. Results obtained in 

of chemical constituents will, therefore, be 
considerably modified on conversion to a dry material 
basis in comparing the composition of oviduct tissue 
from normal and deficient birds. The nucleic acid 
contents of the dry tissue do not show any significant 
difference between folic acid deficient and normal 
chicks. However, expression of these nucleic acid 
levels either on a fresh tissue basis or on their content 
in the total tissue would suggest inhibition of nucleic 
acid synthesis as was reported in a recent paper 
by Davis e¢ al.” in which the action of aminopterin 
on stimulated rat uterus was examined. However, 
the present results might suggest that in the folic- 
treated chicks the tissue r2sembles more closely that 
of normal tissue of the same weight under natural 
endogenous hormone stimulus and that the tissue 
in the deficient chick would appear to be physio- 
logically less mature. The dry tissue levels of alkaline 
phosphatase would tend to support this view and 
show some 60 per cent more phosphatase activity 
in the tissue from deficient chicks. Again, in our 
work on changes with age in oviduct composition 
in the common fowl, we have noted decreases in 
moisture content of the tissue with the approach of 
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sexual maturity, and in oviducts of increased weight 
resulting from cestrogen administration to normal 
immature females. Another point of interest here is 
the great difference in the mean levels of folic acid 
in the tissue from the two groups of chicks, which 
confirms that folic acid was likely to be a limiting 
factor in metabolism within the tissue. Although 
the serum folic acid determinations were made on 
bulked samples of serum from each group, never- 
theless they do reflect the state of folic acid nutrition 
in the chicks. 

W. O. Brown 

N. JACKSON 


Agricultural Chemistry Department, 
The Queen’s University of Belfast, 
and 
The Ministry of Agriculture, 
Northern Ireland. 

March 5. 


2 Brown, W. O., Proc. Tenth World’s Poultry Congress, 149 (1954). 
* Hertz, R. cay 1(1945). Kline, I. T., and Dorfman, R. I., 


., Budocrinal.. 

bia “8, 345 (195 

* Lillie, R. J., and Briggs, G. M., Poultry Sci., 26, 295 (1947). 
*Teply, L. J. and Elvehjem, C. A., J. Biol. Chem., 157, 303 (1945). 
* Schneider, W. C., J. Biol. Chem., 161, 293 (1945). 


e xen S, J., and Armstrong, A. R., Canad. Med. Assoc. J., 31, 376 
* Davis, J. 8., Meyer, R. K., and McShan, W. H., Endocrinol., 59, 
505 (1956). 


Pentose Metabolism in Diabetic and Normal 
Rats 


AccoRDING to the metabolic studies of Stetten and 
Boxer’, deuterium is incorporated into liver glycogen 
in the alloxan diabetic rat at a higher rate and at a 
greater concentration than that achieved in the 
normal animal. Their previous studies showed that 
when glycogen was synthesized directly from dietary 
glucose in a medium of heavy water it was poor in 
deuterium, whereas glycogen synthesized from frag- 
ments smaller than hexose was rich in deuterium. 
They coneluded that the diabetic animal was able 
to synthesize more liver glycogen from fragments 
smaller than hexoses than was the 
normal, non-diabetic rat. 

It seemed interesting, therefore, 
to explore further this ability of the 
diabetic rat, as compared with the 
normal rat, to utilize carbohydrates 
the molecular structure of which 
was smaller than that of hexose. 
Four pentoses—d-arabinose, d-rib- 
ose, d-rhamnose and d-xylose—were 
selected for study and each was fed 
to four diabetic and four normal, 
male, albino rats (Wistar strain). 
The presence of the pentoses in the 
urine was determined by paper 
chromatography. 

The rats, weighing approximately 
258 gm. at the beginning of the ex- 
periment, were injected intraperi- 
toneally with 150 mgm./kgm. of 
alloxan and maintained diabetic 
over a period of three months by 
four more injections. The Nylander 
test was applied as a routine test for 
glycosuria. The sugar to be tested 
was fed to the rats in paste form 


Diabetic rat (0:25 gm, ribose) 
Normal rat (0°25 gm. ribose) 
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after they had fasted for 12 hr. In order to avoid con- 
tamination of the urine by spilled food, the animals 
were placed in metabolism cages after the consum). 
tion of the pentose, and the urine was obtained over 
the following 6-8 hr. This urine from the diabetic and 
normal rats given the sugar, as well as from a control 
rat maintained on ‘Purina’ rat food, was collected in 
glass bottles containing some toluene to prevent 
putrefaction. 

Each sample of urine was filtered and immediately 
analysed by the ascending method of paper chromato- 
graphy, utilizing water-saturated phenol and »- 
butanol — acetic acid as solvents**. Solutions (1 per 
cent) of glucose and of the particular sugar fed were 
spotted along with the three urine samples (Fig. 1). 

When d-arabinose, d-rhamnose and d-xylose were 
fed at. three different levels, 0-25 gm., 0-50 gm. and 
1-00 gm. per rat, the sugar appeared in the urine 
of the diabetic and normal rats at all levels. No 
difference in the ability of these animals to utilize 
the pentoses at the levels administered was found. 
When d-ribose was administered at levels of 0-25 gm. 
per rat, in five experiments the urine from both the 
diabetic and normal rats did not contain ribose, 
according to the paper chromatogram (Fig. 1). By 
increasing the amount to 0-50 gm. per animal, how- 
ever, faint spots, indicating the presence of the 
pentose in the urine of the experimental animals, 
appeared. When l-gm. levels were given, the urine 
from the diabetic rats produced a more distinct spot 
than that from the normal rats. 

This investigation indicates that the alloxan 
diabetic animal is capable of dealing with the pentoses 
studied in about the same manner as the normal 
animal. The interesting fact appears, however, that 
the diabetic animal as well as the normal rat may 
be able to utilize ribose when administered at levels 
equivalent to 0-90 per cent of their body-weight. 
This could have great significance, especially in the 
synthesis of nucleic acids in the diabetic animal. 

Although these experiments indicate that ribose 
was not present as such in the urine of diabetic rats 
when fed at 0-25-gm. levels, they do not prove that 
the sugar was utilized. While glucose did not appear 
in the urine of the normal rat fed 0-25 gm. of ribose, 
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no quantitative tests on the amount of glucose 
excreted by the diabetic rat were carried out. Accord- 
ing to Fruton‘, it is possible for ribose to be converted 
to glucose and excreted as such. Our work has not 
ruled out such a pathway for the diabetic animal. 
We are indebted to G. E. Phillips, of Warner 
Chilcott Laboratories, for supplying the samples of 
sugar. This investigation was partially supported 
by research grant RG-3908(C2) from the National 
Institutes of Health, Public Health Service. 
Incrip E, Mur.izr* 
Joy B. Paris 
Zoology Department, 
Drew University, 
Madison, 
New Jersey. 
Feb. 18. 


* Present address: Department of Anatomy, Hahnemann Medical 
School, Philadelphia 2, Pennsylvania. 
ea ase DeW., and Boxer, G. E., J. Biol. Chem., 156, 271 


* Cramer, F., “Paper Chromatography” (Macmillan, 1954). 

* Partridge, 8. M., Nature, 164, 4167 (1949). 

‘ Freee). . 8., and Simmonds, Sofia, “General Biochemistry” (Wiley, 
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Sexual Differences in Nuclear Size and 
Deoxyribonucleic Acid Content per Nucleus 
in Rana esculenta 


RECENTLY, one of us (Vialli)', in collaboration with 
Riccadonna, has studied on smears the relation to 
sex of the nuclear areas and the deoxyribonucleic acid 
content per nucleus in the erythrocytes of Triturus 
cristatus. The resulting values were higher in the 
female than in the male (for the areas by 3-15 per 
cent and for the deoxyribonucleic acid content by 
3-54 per cent respectively). Similar results have also 
been confirmed in T'riturus vulgaris, which Vialli and 
Riccadonna* studied during an investigation of the 
direct and reciprocal hybrids Triturus vulgaris x 
Triturus cristatus. They have maintained that 
these differences can be explained, though with some 
reservations, as being due to chromosome differences. 

The digamety of one of the two sexes has in fact 
been demonstrated in the urodelan amphibians, and 
particularly in T'riturus, even though there are no 
morphologically differentiated heterochromosomes ; 
however, the digametic sex can vary even within 
the same genus. Vialli and Riccadonna suggested 
that such differences might also be lacking in the 
case of other species (the heterochromosomes need 
not necessarily have a different deoxyribonucleic acid 
content). Hence it seemed useful to see whether this 
finding could be extended to other groups, that is, 
to ascertain the size and‘ the direction of possible 
differences, including the variation of the hetero- 
gametic sex. 

Species with very large nuclei and high deoxyribo- 
nucleic acid content are obviously more suitable for 
investigation of this type; we therefore decided to 
use Rana esculenta. 

Since it was a question of discerning rather small 
possible differences, it was desirable to be able to 
identify and reduce any errors not dependent on 
biological factors. One of us (Gerzeli*) has been 
occupied with this problem and is making a report 
on it elsewhere. 

Five males and five females were chosen at random 
among individuals of medium dimensions in a single 
batch of Rana esculenta, collected during the month 
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of November in the surroundings of Pavia. For each 
specimen we studied three smears of peripheral blood 
and for each smear 80 nuclei of erythrocytes. Upon 
the slides stained with the Feulgen reaction we took 
the'planimeter and photometric measurements, using 
the Vialli histophotometer; technical details are 
given in ref. 3. 

The deoxyribonucleic acid content, e in 
arbitrary units, was found to be, for mal+s 13-90 + 
0-04, and for females 12-59 + 0-04; excess of male 
over female, 9-43 per cent. As regards the areas, 
they differ in the same direction: on the dried 
smears they are 25-84 + 0-11 yu? in the males and 
22-87 + 0-11 w* in the females; the percentage 
difference was greater here (11-49 per cent). Benn- 
inghof* also refers to larger nuclei in the male com- 
pared to the female in the related species Rana 
temporaria. 

Statistical analysis showed that these differences 
between the means for the two sexes are highly 
significant (P < 0-001). 

As is seen in Rana esculenta the difference, already 
observed in T'riturus, exists, but in the opposite 
direction. We can still say that the differences 
encountered are, if expressed in absolute values 
rather than as a percentage, of the identical order of 
size in the various species of amphibians considered 
(approximately 3 u* in the areas and 1-5 arbitrary 
units for the deoxyribonucleic acid content per 
nucleus). 

Finally, we wish to emphasize that the differences 
in regard to the areas and the quantities of deoxy- 
ribonucleic acid indicate that its concentration is 
greater in the sex with lower content. This char- 
acteristic of Rana esculenta is opposite to that of 
Triturus. 

Our observations do not provide any evidence on 
the heterogamety of Rana esculenta; indeed, the 
whole question of heterogamety is still rather 
obscure®:* in the amphibians, particularly as regards 
the cytology’*. Moreover, even in related species 
the digametic sex can vary. 

At this stage of the investigation we can only say 
that we have been able to confirm the existence of 
sexual differences in certain quantitative nuclear 
characteristics in further species belonging to a 
different order of amphibians. From the technical 
point of view, it is interesting that this is so in a 
species of anurian amphibians in which the deoxy- 
ribonucleic acid content and the nuclear size are about 
a third of that of the urodelan amphibians hitherto 
studied’.*, justifying the extension of investigations 
of this type to material of even smaller nuclear 
dimensions and deoxyribonucleic acid content. 

This work was supported by a grant from the 
Consiglio Nazionale delle Ricerche. 

Marro VIALLI 
GIUSEPPE GERZELI 


Istituto di Anatomia Comparata, 
Universita di Pavia. 
March 1. 
* Vialli, M., and Riccadonna, M., Rend. Ist. Lomb. Sci. ¢ Lett., 89, 
459 (1956). 


* Vialli, M., and Riccadonna, M. (in the press). 
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* Matthey, R., “‘Les Chromosomes des, Vertébrés” (Librairie de I’Uni- 
versité, Lausanne, 1949). 

* White, M. J. D., “Animal Cyto! and Evolution” (Universi 

Press, Cambridge, 1954). oe : “e 

* Galgano, M., Arch. Ital. Anat. Embriol., 31, 1 (1933). 
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Intracellular Modifications in the Pancreas 
during Secretion 

DuRInG secretion, cells undergo well-known cyto- 
logical and biochemical modifications. The cytological 
changes manifest themselves first in the formation 
of ergastoplasm in the cytoplasm, and secondly 
within the secretion granula, the secretion granula 
disappearing during the secreting cycle’. Biochem- 
ically, the most important modification is the great 
dimmution and the synthesis of the exocellular 
enzymes during the secretion period*. Recently, the 
importance of the different cellular fractions in pro- 
tein synthesis has been much discussed, and I have 
studied the modifications of the protein content in 
the cellular fractions separated from the normal and 
the secreting pancreas. 

Two groups of ten albino Wistar rats of weight 
100-120 gm. were injected intramuscularly with 
1-5 ml. of 0-85 per cent sodium chloride or with 
1-5 ml. of 0-2 per cent pylocarpine dissolved in 
0-85 per cent sodium chloride. After two hours, 
the rats were killed and bled, and the pancreases were 
homogenized with two volumes of isotonic sucrose. 
From these homogenates the nuclei were separated 
by centrifuging at 600g, the secretion granula at 
1,000g, as prescribed by Hokin*, the mitochondria 
at 2,400g. 

The amount of protein present in each pellet and 
in the supernatant ‘solution was determined by the 
biuret method‘. There was no difference between 
the content of total proteins in the normal and in 
the secreting pancreas. The percentage of the protein 
contained in the various cell fractions was calculated 
with respect to total cell protein. 

It is seen from the results reported here that after 
injection of pylocarpine a large part of the nuclear 
proteins (approximately 30 per cent) and of the 
secretion granula (approximately 50 per cent) dis- 
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Fig. 1. Protein distribution (as a percentage) in the different 
cellular fractions of normal (open column) and secreting pancreas 
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‘jubnees soluble fraction 


June 8, 1957 VoL. 179 


appear. At the same time, there is an augmentation 
of the mitochondrial, microsomial and soluble pro. 
teins. The lowering of nuclear and secretion gran ‘ila 
proteins agrees with the observations of Lang et «/.5 
and Hokin’, who found a great concentration of the 
exocellular enzymes in these two cellular fractio:s, 
It is therefore reasonable to expect that during the 
secretion of the pancreatic exocellular enzymes th: se 
fractions lose a part of their normal protein content. 
The simultaneous increase of the protein content of 
the other two fractions studied (mitochondria and 
microsome soluble fraction) shows that also in tne 
synthesis of pancreatic proteins the cytoplasina 
(particularly the microsome soluble fraction) is of 
great importance for the initial protein synthesis, as 
Zamecnick reported for the liver‘. 

The lowering of the exocellular enzyme content 
during pancreatic secretion is not accompanied by 
simultaneous lowering of the protein content. From 
this observation Daly and Mirsky* suggested that the 
pancreatic enzymes are not synthesized directly from 
the free amino-acids but from a proteic precursor ; 
and this precursor, which probably accumulates 
during pancreatic secretion, keeps the total protein 
content in the cell unchanged. The results reported 
here are in support of Mirsky’s hypothesis; in 
addition, they show also that the hypothetical proteic 
precursor is formed, if anywhere, in the microsome 
soluble cytoplasm fraction, whence it passes into the 
nuclei and secretion granula to form exocellular 
enzymes. 

R. RENDI 
Institute of General Physiology, 
Rome. 
+ Ries, E., and Gersch, M., “Biologie der Zelle’’, 318 (1953). 
* Daly, M. M., and Mirsky, A. E., J. Gen. Physiol., 36, 243 (1952). 
* Hokin, L. E., Biochim. Biophys. Acta, 18, 379 (1955). 
* Gornall, A. G., Bardawill, C. J., and David, M. M., J. Biol. Chem., 
177, 751 (1949). 
* Lang, K., Siebert, G., and bischer, F., Biochem. Z., $24, 1 (1953). 


* Zamecnick, P. C., Keller, E. B., Hoagland, M. B., and Littlefield, 
J. W., J. Cell. Comp. Physiol., 47, Supp. 1 (1956). 


Effect of Injection of Organic Phosphates 
on Some Phosphorus Fractions in the 
Heart Muscle of Rats treated with 
Thyroxine 


THYROXINE can uncouple oxidation and phos- 
phorylation in animal tissues', and it has been shown 
that this phenomenon occurs in the heart muscie of 
hyperthyroid animals, where a depression in adenosine 
triphosphate, phosphocreatine and imorganic phos- 
phorus content is observed’. We have investigated 
the effects of injecting certain compounds concerned 
with phosphorylation on the levels of these sub- 
stances in the heart muscle of rats treated with 
thyroxine. 

Six groups of rats were used (mean weight about 
115 gm.), and all except the normal control group 
A were injected intramuscularly every day with 
0-01 mgm. pL-thyroxine. In addition, the rats in 
four of the groups (animals of groups C, D, E and F 
of Table 1) were injected intraperitoneally every 
day with buffered physiological solutions of the 
following, respectively: OC, 0-1 mgm. of adenosine 
triphosphate (sodium salt, Richter); D, 0-5 mgm. 
cocarboxylase; EH, 5 mgm. glucose-1-phosphate 
(sodium salt); F, 5 mgm. fructose-1 : 6-diphosphate 
(calcium salt). The solutions were freshly prepared 
from dry material just before each injection. 
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Table 1. E¥¥ECT OF INJECTION OF PHOSPHORUS COMPOUNDS ON THE 
LEVELS OF ADENOSINE TRIPHOSPHATE, CREATINE PHOSPHATE AND 
INORGANIC PHOSPHORUS IN RaT HEART MUSCLE 
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ats were treated with thyroxine except the normal controls 
All rats +} ogi. , 
in group) 


(group 4). Results are exp: 


in x 
as means + standard error (eight ani 








Adenosine Creatine 
Group triphosphate phosphate Ino ic 
phosphorus phosphorus phosphorus 
A 316 + 29 302 + 21 521 + 43 
B 123 + 16 <10 214+19 
Cc 239 + 25 196 + 23 421 + 47 
D 197 + 22 105 + 12 397 + 42 
E 166 + 18 69 + 8 301 + 33 
F 159 + 14 723+ 5 324 + 29 

















On the fifteenth day of treatment, the animals were 
killed by bleeding, and the adenosine triphosphate, 
phosphocreatine and inorganic phosphorus contents 
of the hearts were determined by the method of 
La Page*. The results, expressed in terms of phos- 
phorus, are shown in Table 1. 

Comparison of groups B and C in Table 1 shows 
that injection of adenosine triphosphate increases 
the phosphate fractions to values nearer to normal 
(group A). The effects of cocarboxylase and the 
sugar phosphates are much smaller, perhaps because 
they have only an indirect action in adenosine 
triphosphate synthesis. 

E. Mascrre.ii-CoRIaANnDOLI 
R. BotpRin1 
Research Department, 
Istituto Biochimico Nazionale, 
Rome. 
‘ Lardy, H. A., and Feldott, G., Ann. N.Y. Acad. Sei., 54, 636 (1951). 


Martius, C., and Hess, B., Arch. Biochem., 38, 486 (1951). Hoch, 
F. L., and Lipmann, F., Fed. Proc., 12, 218 (1953). 


* Bertolini, A. M., and Quarto Di Palo, F., Boll. Soc. Ital. Biol. Sper., 
32, 91 (1956). 

*La Page, G. A., ““Manometric Methods and Tissue Metabolism” 
(Burgess, Minneapolis, 1951). 


Effects of Modern Insecticides 
on Growth of Plants 


Durie the past few years I have conducted a 
series of experiments, in the laboratory and in the 
field, with the objective of determining the maximum 
‘load’ of insecticide which can be borne by various 
vegetable seeds, without the later inducement of 
phytotoxic symptoms. Accurate determination of 
this ‘load’ for a particular seed, in respect of a par- 
ticular insecticide, provides a rough criterion of the 
appropriate amount for most other seeds, but the 
actual threshold of phytotoxicity varies from one 
plant-species to another. Indications of a non- 
insecticidal, chemical stimulant effect on _plant- 
growth became overt when seedlings of swede, par- 
snip, beet, bean and mangold showed enhanced 
speed of germination and higher establishment-counts 
compared with untreated seed, despite the absence 
of insect attack so far as could be ascertained by 
diagnosis in the field. 

To obtain more convincing evidence of a direct 
growth-stimulant effect of several chlorinated hydro- 
carbons which were used as seed-dressings, the seed- 
lings were grown in the laboratory, between closely 
placed glass plates filled with sterilized compost. 
This technique, while eliminating the possibility of 
insect-attack, also facilitated quantitative observa- 
tions on the development of shoots and roots. The 
results obtained in the laboratory, and later in the 
field, were rather unexpected and may be of some 
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significance ; those for parsnip and mangold may be 
taken as fairly typical. In respect of the twenty 
longest roots of fifty seedlings of parsnip, Table 1 
reveals the depressant action of seed-dressings of 
gamma-BHC and dieldrin (2-5 per cent by weight 
of seed), and the stimulant action of a lighter dressing 
of gamma-BHC, namely, 2 per cent by weight of 
seed. It is noteworthy that all the dressings were 
phytotoxic up to fourteen days; but thereafter, the 
growth-stimulation by gamma-BHC (2 per cent) 
became evident, while gamma-BHC (2-5 per cent) 
continued to be more phytotoxic than dieldrin 
(2-5 per cent). 

Results obtained by pulling twelve roots, on 
July 5, from each of five randomized, replicated 
plots—to give sixty roots per ‘treatment’—are 
depicted in Fig. 1, which demonstrates the differential 
effects of the seed-treatments, by way of kurtotic 
and skewed deformations of the normal frequency 
distribution of root-lengths. A feature of special 
interest is that, although the mean root-length of 
treated seeds does not differ significantly from that 
of the control, the gamma-BHC treatment has 
quadrupled the proportion of seedlings having a root- 
length greater than seven inches, that is, from 6-6 to 
26-6 per cent. In relation to the rest of the popula- 
tion of seedlings, however, the 2 per cent dressing 
of gamma-BHC is obviously phytotoxic, while the 
dieldrin is a slight stimulant. 

From similar laboratory experiments with mangold 
seedlings, the results are presented in Table 2; but 
in this instance the dressings were reduced to 
0-35 per cent (by weight of seed) in order to supply 
a comparable amount of toxicant per seed as that 
supplied by the 2 per cent dressing for parsnips. In 








Table 1. MBANS OF ROOT-LENGTHS OF PARSNIP SEEDLINGS 
Time Untreated ia. gamma- Dieldrin 
(days) seed BHC (2-5 per| BHC (2 per | (2-5 per cent) 

cent) cent) 
in. in. in. in. 
Fourteen | 3-70 100 | 2-59 700/829 89-0 | 2-78 75-2 
Seventeen | 3-93 100 | 2°83 72-0 | 4-08 104-0 | 2:99 760 
Twenty 4:12 100; 3-01 73-0 | 4:69 1140/3-71 900 
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Table 2. MEANS OF ROOT-LENGTHS OF MANGOLD SEEDLINGS 

Time Untreated - Dieldrin Aldrin 

(days) seed BHC (0-35 (0-35 per (0-35 per 

per cent) cent) cent) 
in. in. in. in 

Eight 2-5 100 | 2-95 118 | 32 128 | 3-2 128 
Eleven 29 100 | 3-5 120 | 3-7 128 | 3-6 124 
Fourteen | 3-6 100 | 4:5 125 | 4-5 125 | 4-2 117 























this instance, none of the dressings induced. phyto- 
toxicity, presumably because the of man- 
golds are larger, but see below for effect in the field, 
where soil organic content was lower. On the con- 
trary, both aldrin and dieldrin induced a remarkable 
initial stimulation which slowly waned in respect of 
aldrin, whereas the poorer initial stimulant action 
of gamma-BHC became gradually intensified. 

Results obtained by pulling twenty roots, on 
June 5, from each of five randomized, replicated 
plots—to give one hundred roots per ‘treatment’— 
are shown in Fig. 2, which demonstrates the platy- 
kurtic and slightly skewed frequency distributions of 
root-lengths having the same mean value as roots 
from untreated seed. Compared with parsnips, the 
differential effects of the dressings are not so marked ; 
perhaps because the chemical action has not had time 
to become fully operative on seedlings younger by 
four weeks, but the simultaneously depressant and 
stimulant effects of gamma-BHC on different mem- 
bers of the same population are again evident. 
Present indications are that the initial reaction is 
ultimately reflected in a slightly increased yield, de- 
pending on the proportion of seedlings affected 
favourably by the ‘loading’ of the seed, and because 
@ slight initial phytotoxicity is transient. 

If the physiological activity of these synthetic 
chemicals operates via oxidative metabolism, this 
explanation links with the well-known auxin-induced 
growth-response in plants', and also with the rise in 
respiratory rate induced in insects by chlorinated 
hydrocarbon insecticides**. On the other hand, 
gamma-BHC is an effective polyploidizing agent of 
the root chromosomes of growing seedlings‘, 
causing derangements similar to those produced by 
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colchicine. Whatever be the true explanation, sved. 
ling populations of plant varieties are heterogeneous 
in respect of their growth- to these phyto. 
logically active insecticides, which present a promi-ing 
field for the plant biochemist and may provide the 
plant-breeder with a new tool for the propaga‘ion 
of vigorous strains, through selective elimination of 
the ‘unfit’ in the seedling stage. Finally, this inve:ti- 
gation may explain the benefits of cereal sied- 
dressings as low as 0-06 per cent (against wireworins, 
Agriotes spp., and leatherjackets, T'ipula spp.) which 
are rather unaccountable on the basis of purely 
insecticidal action. 

The assistance of Miss M. Britton, with those 
continuing investigations, is gratefully acknowledg«d. 

D. Stewart MacLacan 
Department of Zoology 
and 

Research—Advisory Service in Entomology, 

West of Scotland College of Agriculture, 

Glasgow, C.2. March 12. 

* Bonner, J., Amer. J. Botany, 6. 429 (1949). 
* Lord, K. A., Ann. App. Biol., 87, 105 (1950). 
* Harvey, G. T., and Brown, A. W., Canad. J. Zool., 29, 42 (1951 ). 
* Kostoff, D., Nature, 162, 845 (1948). 
* Hyypio, P. A., et al., Cytologia, 20, 166 (1955). 


Observations on the Yeast Lipomyces 


In 1946, Starkey! isolated and described a svil 
yeast characterized by a peculiar method of spore 
formation after a relatively long period of growth on 
solid medium. Large, round vegetative cells contain- 
ing fat globules gave rise to irregularly shaped 
protuberances in which were afterwards formed 4-16 
or more lightly pigmented spores. Lodder and Kreger- 
van Rij? considered these spores to be ascospores 
and erected the genus Lipomyces to include this yeast 
(L. starkeyi) as well as another soil yeast (L. lipofer) 
which had originally been described as a T'orula. 
The two species were distinguished primarily on the 
basis of lactose assimilation, L. starkeyi lacking this 
ability. Neither species is capable of fermentation, 
and hitherto germination of the spores has not been 
observed. 

In September 1956 one culture of L. lipofer 
and two of L. starkeyi were supplied to me from 
the Centraalbureau voor Schimmelcultures at Delft 
through the kindness of Miss W. Ch. Slooff. Attempts 
to induce sporulation in all three cultures were 
carried out on vegetable agar*, sodium acetate agar‘, 
and alcohol agar (Miss Slooff, personal communica- 
tion), but the results were unsatisfactory. Sporulation 
was obtained in all cultures, but only after a month 
or more, and the lapse of time between inoculation 
and the first appearance of the protuberances was 
erratic. At the suggestion of Mrs. Lise Drewsen, a yeast— 
water agar was employed for sporulation; on this sub- 
strate sporulation regularly appeared after 5-7 days. 

Attempts were then made to isolate the spores 
according to the method devised by Winge* for 
Saccharomyces. It was found that the wall of the 
protuberance was readily ruptured by the pressure 
of the glass needle, the liberated spores being then 
easily transported to droplets of Pilsner wort or to 
solidified droplets of potato agar (both substrates 
were employed for comparison, since Lipomyces 
grows best on a solid medium with free access to 
air). The first chambers prepared, containing isolated 
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spores of L. lipofer, were incubated at room tem- 
perature, but after two days no sign of germination 
was evident. However, on the third day, some of the 
droplets were seen to contain minute colonies consist- 
ing of 10-15 round cells, and several days later these 
were transferred to wort; all of them survived, 
although growth was slow. Further isolation work 
showed that liquid medium was in no way inferior 
to solid medium in inducing germination, and use of 
potato agar was discontinued. Careful observation 
of the germinating spore revealed that it first swelled 
considerably, after which it produced a bud which 
developed into a round cell. No sign of cell copulation, 
twin zygote formation, or other evidences of diploid- 
ization at this stage was observed. From both 
species a total of 193 spores was isolated ; of these, 
forty-one—or 21 per cent—germinated. In only one 
case was 100 per cent germination from a single 
protuberance realized, and this was one containing 
5 spores. 

Seventeen single-spore cultures of L. lipofer and 
fourteen single-spore cultures of L. starkeyi were 
employed in genetic analyses. From L. lipofer four 
single-spore cultures originated from a protuberance 
containmg 8 spores, seven from one containing 14 
spores, three from one containing 4 spores, and 
three from one containing 4 spores ; from L. starkeyi, 
two from a protuberance containing 5 or 6 spores, 
five from one containing 8 spores, two from one 
containing 6 spores, and five from one containing 
6 spores. No significant differences in cellular morpho- 
logy were detected among these 31 cultures. 

All single-spore cultures were inoculated on to 
sporulation media to determine whether they were 
capable of sporulation, and it was found that each 
culture produced typical protuberances containing 
spores. The germination ability of these spores was 
tested by additional isolations ; from one single-spore 
culture 44 spores were isolated and nine of them 
germinated, giving rise to normally growing single- 
spore cultures. 

The 31 cultures were next inoculated on to wort 
gelatine to determine whether segregation existed 
with respect to the macroscopic appearance of the 
giant colony. After one month incubation at 15°C. 
all the single-spore cultures of L. lipofer had produced 
smooth, glistening, white colonies completely devoid 
of sectoring and identical with those of the mother 
type, and the same behaviour was encountered in 
the giant colonies of the single-spore cultures origin- 
ating from L. starkeyi. 

Finally, L. lipofer and its single-spore derivatives 
were tested for their ability to assimilate lactose by 
employing Wickerman’s synthetic medium* with 
slight modifications. All eighteen cultures assimilated 
lactose readily, and no significant differences were 
detected among them with respect to amount of 
growth. The controls showed no growth. The same 
test was employed for L. starkeyi and its single-spore 
derivatives. All fifteen cultures showed a slight 
amount of growth in the presence of lactose, thus 
differing from the controls (no assimilation) and from 
the cultures of L. lipofer (vigorous assimilation). No 
significant differences in amount of growth could be 
detected among them. 

Thus a complete absence of genetic segregation 
was encountered among 31 single-spore isolates of 
Lipomyces with respect to cellular morphology, 
sporulating ability, appearance of the giant colony, 
and lactose assimilation, Further investigations, cyto- 
logical as well as genetic, are in progress, and full 
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details will be published in the Comptes Rendus du 
Laboratoire Carlsberg, Série Physiologique. 
CATHERINE ROBERTS 


Carlsberg Laboratorium, 
Copenhagen. Feb. 26. 


1 Starkey, R. L., J. Bact., 51, 33 (1946). 

* Lodder, J., and Kreger-van Rij, N. J. W.,““The Yeasts : a Taxonomic 
Study” (Amsterdam, 1952). 

Boa M., Phaff, H. J., and Douglas, H. C., Science, 96, 432 

* Fowell, R. R., Nature, 170, 578 (1952). 

* Winge, @., C.R. Lab. Carlsberg, Sér. Physiol., 21, 77 (1935). 

* Wickerman, L. 8., U.S. Dept. Agrie. Tech. Bull., 1029 (1951). 


Rubber Formation in Hevea brasiliens’s 
as affected by Light and Mineral Status 


De Haan and van Aggelen-Bot' reported that the 
amount of rubber per seedling (Hevea brasiliensis), 
in daylight, varied with the dry weight of the plant 
and that the amount of rubber did not diminish 
when the plant was kept in the dark. These findings 
have never been confirmed, and Teas* has recently 
suggested that rubber might be regarded as a food 
reserve in Hevea. Spence and McCallum® concluded 
that rubber acted as a food reserve in guayule 
(Parthenium argentatum); but Bonner and Galston‘ 
were unable to confirm this conclusion. If rubber 
can be regarded as a food reserve, its concentration 
in the tissues should, presumably, be affected by 
changes in mineral status which influence carbo- 
hydrate formation. This assumption may be partially 
correct as it has been shown’, for Hevea, that nutrient 
deficiencies may cause a diminution in the rubber 
concentration of stems and petioles in the earlier 
stages of growth, before the deficiency became suffi- 
ciently acute to cause a severe reduction in the total 
dry weight of the plant. This communication shows 
that the rubber contained in Hevea seedlings varied 
according to the dry weight of the plant and to the 
amounts of total carbohydrate and protein present, 
whether in the dark or in light, and in so far as these 
latter substrates were influenced by mineral status 
so also was the amount of rubber produced by the 
plant. However, these findings did not prove that 
rubber acted as a food reserve in Hevea as, under the 
‘dark’ conditions of our experiment, severe starvation 
did not occur. 

Rubber seedlings, clone Tjirandji 1, were grown 
in acid-washed sand, contained in 5-gallon clay 
pots; four nutrient treatments were applied. These 
were: (1) complete nutrient ; (2) nutrient devoid of 
all the micronutrient elements ; (3) phosphorus-free 
nutrient; (4) water only. These nutrients were 
applied to cultures placed either in the ‘dark’ or in 
the light. Plants grown in the ‘dark’ received a 
daily eight-hours illumination, of about 2 foot-candle 
intensity, whereas those in the light received about 
400 times more light. All treatments were duplicated, 
each replicate contained three pots and each pot 
contained, initially, about fifteen ings. i 
were removed from each pot for analysis at the follow- 
ing times after sowing: 31, 47 and 66 days. Seedlings 
of each replicate were bulked, killed, dried and 
analysed for rubber, total carbohydrates (which 
included hydrolysable carbohydrates and crude fibre) 
and total protein (including free amino-acids). 

Plants in the dark became drawn and etiolated, 
while those deprived of all nutrients, but grown in 
the light, also appeared pale and deficient in nitrogen. 
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Fig. 1. Pee weight, rubber, _——_ and ont carbohydrate per 

plant. mplete nutrient (Compt.) and minus micro-nutrient 

element CMe Nut.) treatments given for light (Z) and dark 
(D) cultures 


Although no leaf symptoms which could be attributed 
to a mineral deficiency were noted, a lack of micro- 
nutrient elements produced shorter plants. The 
dry weights of the dark-grown plants varied little 
over the duration of the experiment; but those in 
light increased, as expected. The results indicated 
that the rubber content per plant was greater for 
seedlings in light than in the dark and that the 
relative effect of light intensity on rubber content 
was greater than that of nutrient status. The total 
dry weight, carbohydrate and protein contents of the 
plants deprived of micronutrient elements were lower 
than those of plants supplied with complete nutrient 
(Fig. 1). The amount of rubber per plant, deprived 
of micronutrient elements, was also for the light- 
grown plants lower than for the complete nutrient 
plants (Fig. 1). In general, plants supplied with 
nutrient treatments (3) (minus phosphorus) and 
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(4) (water only) showed similar variations to thoge 
of treatments (1) (complete) and (2) (minus micro. 
nutrients), respectively, and values for these treat. 
ments are not shown in Fig. 1. 

The dry weight per plant and the amounts of 
carbohydrate and protein per seedling bore close 
relationships to the amount of rubber present (Fig. 2), 
The positive correlation between rubber and cach 
of these variables held for both light- and dark-grown 
plants. However, the correlation obtained in respect 
of total carbohydrates, for the dark-grown plants, 
was almost entirely accounted for by the crude fibre 
fraction, whereas the hydrolysable carbohydrates 
showed a negative correlation to rubber, but this was 
not significant. The results presented in Fig. 2 do 
not permit any conclusion other than that the 
production of rubber is closely allied to the growth of 
the plant; whether rubber is a food reserve or a 
waste by-product of growth processes still remains 
to be resolved. 

Fuller details of these investigations will be com- 
municated to the Journal of the Rubber Research 
Institute of Malaya. 

E. W. Botie-JONES 
V. R. MALLIKARJUNESWARA 
Rubber Research Institute of Malaya, 
Kuala Lumpur. 
1 de ae. I., and van Aggelen-Bot, G. M., Arch. Rubbercult., 26, 121 
ae m8... % er of Rubber Formation it, Hevea”, Fina! 
Report, 1953-1956, Tobacco and Special Crops Section, U.S. 

Dept. of Agriculture (1956). 

* Spence, D., and McCallum, W. J., I.R.J. 4 7ans., 11, 119 (1935). 
‘Bonner, J., and Galston, A. W., Bot. Rev., 18, 543 (1947). 
* Bolle-Jones, E. W., Nature, 178, 690 (1954). 


Preservation of Nitrosomonas 

In a communication under this title in Nature of 
April 13, Mr. K. Gundersen concludes that preserva- 
tion under paraffin oil seems to be more promising 
than any other method used. He was evidently not 
aware that I mentioned in an article in Nature of 
February 12, 1955, the use of mineral oil for the 
maintenance of crude and pure cultures of nitrifying 
bacteria and briefly discussed the results of my 
experiments in a paper in the annual report of the 
Experimental and Research Station, Cheshunt, for 
1954. Mr. Gundersen did not obtain the results he 
expected from this method because he did not give 
his cultures a chance to develop, but put them under 
paraffin oil immediately after inoculation. My 
cultures, which were only partly purified, were fully 
developed and showed peak reactions for nitrite and 
nitrate, respectively, before they were covered with 
paraffin oil. They were then kept at room tempera- 
ture in a cupboard for from three to seven months. 
Subcultures made after these times developed into 
fully active cultures; however, the speed of their 
development differed, probably depending on the 
strains and the impurities present. 

I also isolated, as can be seen.from the above- 
mentioned report, a pure culture of Nitrosomonas. 
This culture was lost owing to circumstances described 
in the report. 

When the Research Station moved to Little- 
hampton, I had to discontinue the work on nitrifying 
organisms, and am now engaged on microbiological 
research of a different type. — 


Mushroom Spawn Research Laboratories, 
W. Darlington and Sons, Ltd., 
Worthing, Sussex. April 22. 
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FORTHCOMING EVENTS 


Tuesday, June I! 
RoYAL GBOGRAPHICAL SocreTy (at 1 Kensington Gore, London, 
$.W.7), at 3 p.m.—Annual Ge: Meeting. 
SoctgTY OF CHEMICAL INDUSTRY, CHEMICAL ENGINEERING GROUP 
(at 14 Belgrave Square, London, 8.W.1), at 5.30 p.m,—Mr, W. C. 
Peck : “Granulation”. 
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Wednesday, June 12 


UNIVERSITY OF LONDON (in >. sapeny Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Prof. I. B. 
Cohen (Harvard) : “4 Revaluation of Newton’s Scientific Legacy 
to the Eighteenth Century”. (First of three Special University 
Lectures on ““An Interpretation of Newtonian Science and the Influence 
of Newtonian Ideas’. Further lectures on June 14 and 19.) 


Thursday, June 13 


RoyAL Soctrty (at Duties House, Piccadilly, London, = 1), 
at 4.30 p.m.—Prof. E. N. da C. Andrade, F.R.S., and Mr. A. 
Aboav: “The Mechanical Behaviour of Single Crystals of Motets, - 
particular, Copper”; Mr. M. J. Whelan, Mr. P. B. Hirsch, Mr. R. W 
Horne and Mr. W. Bollmann : “Dislocations and Stacking Faults in 
Stainless Steel’. 


LONDON MATHEMATICAL Sooty (at the Royal Astronomical 
Society, Burli m House, Piccadilly, London, ng at 5 p.m.— 
Dr. J. C. Burkill: : ‘Approximation <4 Polynomials’ 


Friday, ge 14 


BRITISH PSYCHOLOGICAL SOCIETY. USTRIAL SECTION (in the 
Department of at i Birkbeck a Malet Street, London, 
W.C.1), at 1 p.m.—Mr. . Snell: “Engineering Psychology in the 
Steel Industry’’. 

Royal INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. Robley C. Williams: ‘Observations on the Architecture 
of Viruses’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT EXPERIMENTAL OFFICER (preferably with experience of 
electronics applied to pow Ge od work) IN THE ISOTOPE DIVISION 
to assist in electronic work (includ! ling calibration, maintenance, an 
development of equipment) associa 
isotopes for use in hospitals, industry and research—The Grow 
Recruitment Officer, Atomic Energy Establishment, Harwell, 
Didcot, Berks, quoting a (June 11). 

CHEMIST, 8T/BACTERI ist (preferably with a ae degree in 
chemistry or some . aan guaeneeten, and considerable experience 
in the chemical analysis an aa bes teri ological and biological examination 
of water for public a rniee) im t . City of Norwich Water Department 

Engineer and City of Norwich Water Department. 
City = Lg (June 12): 

ASSIST Grade B (with a degree in a bg apes auhie et, and 
ai the ability to teach entomology) In BIoLogy— e 'Prin- 
— eo gan and District Mining and Technical Culinge “Wigan 


| hay OF THE DEPARTMENT OF MATHEMATICS—'The Principal, 
North Herts Technical with Letchworth (June 15). 


LECTURER (preferably w et, Te Clee. in a ic chemistry) 
In CHEMISTRY—The Co! in (June 15), 
pe. LECTURER (wi hing experience, 


and wide industrial experience related to instrument e neering 
and/or electronics) Inv PHYsics—The strar, Flintshire Technical 
Lg amar. near Chester (June 15). 

LECTURE! PPLIED CHEMISTRY—The Principal, Nottingham 
=< District MTechnical College, Shakespeare Street, Nottingham 

une 18) 

SENIOR TECHNICIAN (with wide experience of modern biochemical 
techniques and laboratory administration) IN THE DEPARTMENT OF 
BIOCHEMISTRY, Universtiy Coll badan, Nigeria—The Secretary, 
Inter-University ay for * er Education Overseas, 29 Woburn 
Square, London, W.C.1 (June 21). 

ASSISTANT LECTURER IN ANATOMY—The Regietzer, University 
yi poy - South Wales and Monmouthshire, Cathays Park, Cardiff 

ane ° 

CoMPUTER OPERATOR (; uate) for the Ferranti Pogeene Electronic 
Digital Computer—The Director, University Ss as ing — 
1A Kensington Terrace, Newcastle-upon-Tyne 

RESEARCH ASSISTANT IN THE COMPUTING eon ann > Lorna 
‘The Ray The Soy pe Manchester (June 24). 

Grade II) In . ‘ANY (PLANT PATHO- 
me at "University sin Ibadan, a The. Secretary, Inter- 
University Council for Higher Sacston! rseas, 29 Woburn Square, 
London, W.C.1 (June 29) 

RESEARCH ASSISTANT 4a THE COLLEGIATE FACULTY OF peeosins 
—The — University wy & of South Wales and Monmouth- 
shire, Ca Park, Cardiff (June 29). 

SENIOR LECTURER (preferably specialist in helminthology) IN 

Y at University College, I , Nigeria—The Secretary, 


, London, W.C.1 (June 29). 


PARASITOLOG 
Inter-University Council for Higher Education Overseas, 29 Woburn 
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LECTURER IN THE DEPARTMENT le ARY PaTHOLOGY— 

The Registrar, "The U lh pesigey t Aacian Liv aah 
ZOOLOGY at md Univerlty ‘ollege (Universi 

of New Zealand) The Association of Universities of the 
British Commonwealth, 36 Govion 8 Square, London, W.C.1 (New 
Zealand, June 30). 

LECTURER ( (preferably graduate of a British university, and with 
suitable teaching Pe vvimemg tN GEOGRAPHY at the University of 





Hong Kong—tThe Secretary, Association of Universities Bi the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Hong Kong, 
une 


ISTANT LECTURER IN THE FIELD OF (a) PLANT BIOCHEMISTRY 
AND NUTRITION or (b) SOIL Puysics—The Registrar, The University, 
Nottingham (July 1). 

LECTURER (with special qualifications in, and the ability to lecture 
on statistics) IN THE DEPARTMENT OF MATHEMATICS, University of 
the Witwatersrand, Johannesburg, South Africa—The Secre 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Sou 

SENIOR LECTURER IN SRORDOEOSY 5 a Sexton L 


BIOCHBMISTE - 
of Western Australia—The Secretary, 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, July 31). 
LECTURER (honours Bag, in beg em Bt koa ractical ex- 
ence) IN PETROLE PRODUCTION EN Deputy 
— The University ene Birmingham 1 15 b (September 1). 
FRICAN EARCH FELLOW (with @ good honours 
degree in cohanalaay, © Sieckemichey or zoology) IN THE DEPARTMENT 
ScrEncEs, for the study of certain yi related 
to the use of Pyrethrum as an insecticide on field oA horticultural 
crops—The Registrar, The University, Nottingham. 

ASSISTANT LECTURER (preferably woman) IN PHysics—The Prin- 
cipal, Royal Holloway College (University of London), Englefield 
Green, Surrey. 

ASSOCIATE PROFESSOR or SENIOR LECTURER (with a degree in eng- 
ineering science, preferably in electricai engineering, as well as addi- 
tional experience in the field of nuclear engineering) IN THE DIVISION 
oF NUCLEAR ENGINEERING, Technion-Israel Institute of Technology, 
Haifa, Israel—The Secretary for Academic Staff of the Technion, 
P.O.B. 4910, Haifa, Israel, or = British Technion Committee, 
83 Wimpole ‘Street, ‘London. Ww.l 

CHEMIST (with experience in physical chemistry and in the design 
and construction of apparatus on a scale suitable for use in the field) 
The Group Recruitment Officer, Atomic Energy Research Establish- 
ment, Harwell, Didcot, Berks, quoting 797/34. 

CHEMISTS AT THE RADIOCHEMICAL CENTRE of the United oe 
Atomic Energy Authority for development work in the followi —— 

labelled compounds by ical 

thesis; (6 nese mene A of radio-isotopes from irradiated 

materials at high levels of activity ; (ce) separation of the natural radio- 

elements; (d) radiation effects in’ chemical com unds ; and (e) the 

analysis of radioactive materials—The Personnel Officer, The Badio- 
chemical Centre, U.K.A.E.A., Amersham, Bucks, quoting 698/2. 

GROLOGIST (PRECAMBRIAN) (with research and field ee. in 
metamorphic rocks) IN THE DEPARTMENT OF MINERAL RESO’ 
Government of Saskatchewan, Canada— Box 567, c/o Ww. 8. Crawford, 
Ltd., 233 High Holborn, London, W.C.1. 

LECTURER IN BIOLOGY; and a LECTURER IN CRoP HusBANDRY— 
The Bursar, Shuttlew: Old Warden Park, Bedfordshire. 

LIVESTOCK IMPROVEMENT OFFICER (preferably under 35 years, 
with a university degree in agriculture and e ence in livestock 
management and poultry raising and production) to manage the 
Poultry Unit at the Livestock Experiment Station, Entebbe, Uganda 
—The Director of Recruitment, Colonial Office, London, §.W.1, 
quoting BCD.63/9/025 

MATHEMATICAL >_Paysioists or MATHEMATICIANS (with a first- or 
second-class hono in mathematics or mathematical physics), 
to work in one of the following fields: astro, atomic or reactor 

physics; atmospheric diffusion; statistical or stochastic theory ; 
Statistical, fluid, solid, or general applied mechanics; numerical 
analysis involving the use of gital computers—-The Senior 
Recruitment Officer, The Atomic Weapons Research Establishment, 
Aldermaston, Berks, quoting Ref. A/1320/34. 

METALLURGIST, CHEMIST or PHysicist (with a degree) IN THE 
INFORMATION DEPARTMENT, for work dealing with every aspect of 
recording and transmission of information on the extraction, manu- 
facture and uses of non-ferrous metals and their alloys—The Secretary, 
British Non-Ferrous Metals Research Association, Euston Street, 
London, N.W.1. 

MBETALLURGISTS, PuyYsicists and CHEMISTS at Harwell, for import- 
ant research work on the nuclear power programme of the United 
Kingdom Atomic Energy Authority—Group Recruitment Officer, 
Atomic Energy Research Establishment, Harwell, Diticot, Berks, 


bape a Be oy 9 
SSISTANT (preferably recent graduate in pharmacology 
patsy experimental psychology) AT THE CAMBRIDGE PsY' ¥CHO- 
RATORY (University of of Cambridge), to give assistance 
in research on the effects { — logical agents on mam- 
malian behaviour—Prof. L. Zangwill, Psychological Laboratory, 
Downing Place, bri 
RESEARCH PHYSIOLOGIST (with previous research = t to 
collaborate in eee on eye aevenenie and visual perception— 
Prof. R. W. Ditc — peak Research Laboratory, The University, 
URzraoretnsc OFFICRs 
© OFFICER (with a nn or second-class honours —_ 
in chemistry or equivalent, and experience in inorganic analysis) A’ 
THE NATIONAL PHYSICAL po me nip Teddington, for —_ on the 
—— es activation — and mass spectrometry to metals 
and alloys—The Ministry of Labour and National Service, Technical 
and Sclentif Register K), 26 King Street, London, 8.W. 3, quoting 
ScIENTIFIC OFFICER (with, or about to acquire, a good honours 
degree, and an futereet in biological problems) IN THE CHEMISTRY 
DEPARTMENT, to take part initially in reseai on the chemistry 
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of the milk proteins and enzymes—The Secretary, rege od eine 
for Research in _— , Shinfield, Reading p, ns a 67/11. 

OLOGIST (with ‘a universi in 
pg fraa ex, jerienee in oS ee laboratories con- 


é Hane gg pan eae _ iene eneeele . Great Smith 
pi —_ =. 0 .63/7/026. 

SENIOR LECTURER cin ng BCD.68/7 and considerable practical 
or research e experience) IN Souuenae f OF MATERIALS—The pa 
The Royal of Science and Technology, Glasgow, C.1. 

SENIOR Luorceen with at least three years ex rience of teaching 
up to degree s , and erably with a higher degree) IN Zoo- 
LOGY; and an ge gy URER (Grade B) IN ZooLoGy—The 

Secretary, Sir John Cass jE yD gb os By -C.3. 

SENIOR RESEARCH  poeree uate experience in the 
mechanies of solids, eee te wo Manet city) IN THE DEPARTMENT OF 
MINING ENGINEERING, to work, under the supervision of the Professor 
of Applied acme the theoretical analysis of ground move- 
ments in rea Bn ‘Registrar, The University, Not: 

TECHNICIAN (female) IN THE PHYSICS DEPARTMENT, to assist ‘with 
routine and research work connected with radiotherapy and isotopes 

—The Secretary and House Governor, Mount Vernon Hospital, 
Northwood, Middlesex. 

VISITING LECTURER IN ee A. D. Wallace, Tulane 
University, New Orleans, U.S.A. 
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the Kiernan Quadrangle, Iron County, Michigan. By Jacob E. Gair 
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EPIVISOR 


EPIDIASCOPE 


Write for ful! details to:— 
NEVILLE BROWN & CO. LTD. - 77 Newman Street, London, W.' 








GLASS 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions. 


@ LENSES, PRISMS & FLATS—to any 
standard of accuracy 


@ MIRRORS—back silvered and front 
surface aluminised, etc. 


@ BLOOMING of optical components 


Cc. J. WHILEMS, LTD. 


ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone : HAinault 5454-5 
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ABSORPTION 


ANAESTHETIC QUALITY SOFNOL 
SODA-LIME is used in over 30 countries for 
Anaesthetic apparatus, respirators, oxygen 
administration, air purification in confined 
spaces etc., and is available in 3 grades— 
White (non-indicating), Green and Violet 
(self-indicating)—in granule sizes #” to 
40 B.S.S. 

ANALYTIC QUALITY SOFNOLITE is a 
special self-indicating soda-lime for gravi- 
metric CO2 determination. 


SOFNOL 


NON-HYGROSCOPIC 
SODA-LIME 


SOFNOL LTD., WESTCOMBE HILL, 
GREENWICH, LONDON, $.E.10 









TAS/SL 318 


dexciv NATURE June 8, 1957 


Reference Cells by Muirhead 


D-845 INDUSTRIAL WESTON REFERENCE CELLS 
SPECIFICATION 


E.M.F. 1.0193 volts absolute, subject to manufacturing 
tolerance not exceeding 0.0004V (unmounted); and 0.0002V 
(mounted). 


Temperature coefficient does not exceed 5uV/°C over the 
range 10°—40°C 


Internal resistance at 25°C average 800 ohms. Maximum 
ESSENTIAL FOR RESEARCH 1200 ohms. 
AND EXPERIMENT Temperature hysteresis negligible over normal operating 


range of temperature. 
Full Catalogue from 


R.& J. BECK Ltd. . 
69/71, Mortimer Street, London.W1. 


Phone: Beckenham 004i Grams & Cables: MUIRHEAD BECKENHAM 


: Benn 
PATENTS British and Foreign patents pending leliatal a AD | 

















The unique ‘hondilab’ 


yotcow sHart SFT RRER ror many uses 


COMPACT, light, vibrationless, this sturdy stirrer 

motor has a HOLLOW SHAFT — can be fitted 

rapidly with any one stirrer set. Insert magnetic rotor 
to become fully adjustable magnetic stirrer - a push-fit 
chuck and it’s a conventional stirrer. Fit pulley to 
convert to handy driving unit. 


* 
Accessones Jusl push te 
Send for full details 


SPEED: 1200 r.p.m. (can be reduced by rheostat) 
CAPACITY: Any straight 0.635 cm. dia. rod. 
FEATURES 

a = — L L E N K hy M ad % Torque 380 gm. cm, at 1200 r.p.m. 

% No racing if load reduced 


OH 
%* No brushes, heavy sintered bearings 
ALLENKAMP SUN STREET, LOND : 
wetion —— ae %« Fits to any laboratory stand or scaffold 


Tel.: Bishopsgate 0651 Grams: Gallenkamp, Stock, London %& Immersion depth can be adjusted instantly 
% Available as kit or in separate parts 
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